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CLAIMS 



[Claim(s)] 

[Claim 1] It is electrode- film combination and is the following. : At least one reagin diffusibility electronic 
conduction nature electrode which includes first at least one metal [ activity / in catalyst ], and at least one 
ion conductivity polymer, In a row It is the combination which includes at least one ion conductivity film in 
contact with the electrode which forms an electrode-film interface field. Include and put together at least one 
band where an interface field has the band thickness of about 3A - about 5,000A including second at least 
two different metal [ activity / in catalyst ]. 

[Claim 2] Combination according to claim 1 whose band thickness is about 50A - about 1,500A. 
[Claim 3] Combination according to claim 1 whose band thickness is about 150A - about 500A. 
[Claim 4] Combination according to claim 1 these [ whose ] a band is the same metals including second at 
least one metal [ activity / in catalyst ] including first at least one metal [ activity / in catalyst ] for an 
electrode. 

[Claim 5] Combination according to claim 1 these [ whose ] a band is not the same metals including second 
at least one metal [ activity / in catalyst ] including first at least one metal [ activity / in catalyst ] for an 
electrode. 

[Claim 6] Combination according to claim 1 in which a band contains the second multilayer metal 
[ activity / in catalyst ]. 

[Claim 7] Combination according to claim 1 whose electrode restoration of the first metal [ activity / in 
catalyst ] is about 0.02 mg/cm2 - about 0.5 mg/cm2. 

[Claim 8] Combination according to claim 1 in which a band contains at least three different metals 
[ activity / in catalyst ]. 

[Claim 9] Combination according to claim 1 in which a band contains platinum and a ruthenium. 
[Claim 10] Combination according to claim 1 about which the film has the thickness of about 3 microns - 
about 75 microns. 

[Claim 11] The number claim 1 publication whose film has less than about 30-micron thickness and a larger 
Gurley number than 10,000 seconds should put together. 

[Claim 12] Combination according to claim 1 in which the film contains the porous polymer into which it 
sank by the fluoro ionomer. 

[Claim 13] Combination according to claim 1 from which second at least two metal [ activity / in catalyst ] 
becomes an alloy mutually partially at least. 

[Claim 14] Combination containing the porous polymer into which the film has the thickness of less than 
about 30 microns, and it has a larger Gurley number than 10,000 seconds, and sank by the fluoro ionomer 
according to claim 13. 

[Claim 1 5] Combination according to claim 1 and the membrane electrode assembly which includes at least 
one additional different electrode in contact with the film. 

[Claim 16] The fuel cell which includes at least one membrane electrode assembly according to claim 15. 
[Claim 17] The transportation vehicle which includes at least one fuel cell according to claim 16. 
[Claim 18] It is electrode- film combination and is the following. : At least one porous conductivity electrode 
which includes first at least one metal [ activity / in catalyst ], and at least one ion conductivity polymer, In a 
row It is the combination which includes at least one ion conductivity film in contact with the electrode 
which forms an electrode layer interface field. Include and put together at least one band where an interface 
field has band restoration of about 0.001 mg metal / cm2 - about 0.7 mg metal / cm2 including second at 
least two different metal [ activity / in catalyst ]. 

[Claim 19] The fuel electrode which includes that it is the fuel cell which includes at least one additional 
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different electrode in contact with combination and the film according to claim 1 8, and band restoration is 
less than two 0.4 mg/cm. 

[Claim 20] Combination according to claim 18 whose band is a vacuum evaporationo band. 

[Claim 21] Combination according to claim 20 in which a band is vapor-deposited by physical vacuum 

evaporationo. 

[Claim 22] Combination according to claim 20 in which a band is vapor-deposited by electron ray physical 
vacuum evaporationo. 

[Claim 23] Combination according to claim 20 by which a band is vapor-deposited by ion beam auxiliary 
vacuum evaporationo. 

[Claim 24] Combination according to claim 20 about which a band includes the continuation vacuum 
evaporationo band of a catalyst metal. 

[Claim 25] Combination according to claim 20 in which a band is vapor-deposited by chemical vacuum 
evaporationo, physical vacuum evaporationo, and heat vacuum evaporationo, cathode arc vacuum 
evaporationo, ion sputtering, ion beam auxiliary vacuum evaporationo, or jet vacuum evaporationo. 
[Claim 26] Combination according to claim 18 whose catalyst-restoration of combination is less than [ about 
0.8 mg metal / cm2, or it ]. 

[Claim 27] Combination according to claim 18 whose catalyst-restoration of combination is less than [ about 
0.6 mg metal / cm2, or it ]. 

[Claim 28] Combination according to claim 18 whose film membranous thickness is less than [ about 30 
microns or it ], and is air impermeability and whose band restoration is less than two 0.4 mg/cm. 
[Claim 29] Combination according to claim 18 which furthermore includes at least one catalyst-ized gaseous 
diffusion medium. 

[Claim 30] It is electrode-film combination and is the following. : It is at least one reagin diffusibility 
electronic conduction nature electrode. In in this case, the electrode and row which do not contain the first 
metal [ activity / in catalyst ] substantially It is the combination which includes at least one ion conductivity 
film in contact with the electrode which forms an electrode-film interface field. An interface field should 
essentially consist of second at least two mutually different metal [ activity / in catalyst ], and include and 
put together at least one band which has about 3 A - about 5,000A band thickness. 

[Claim 31] Combination according to claim 30 about which an electrode does not contain the first metal 
[ activity / in catalyst ]. 

[Claim 32] Combination according to claim 30 about which an electrode includes at least one ion 
conductivity polymer. 

[Claim 33] Combination according to claim 30 about which an electrode does not contain the first metal 
[ activity / in catalyst ], but includes an ion conductivity polymer. 

[Claim 34] Combination according to claim 30 whose band thickness is about 50A - about 1500A. 
[Claim 35] Claim 33 whose band thickness is about 50A - about 1500A should put together. 
[Claim 36] Combination according to claim 30 whose band thickness is about 150A - about 500A. 
[Claim 37] Combination according to claim 33 whose band thickness is about 150A - about 500A. 
[Claim 38] Combination according to claim 30 about which an electrode includes at least one hydrophobic 
binder polymer for conductive carbon and carbon. 

[Claim 39] Combination according to claim 30 whose second at least two metal [ activity / in catalyst ] is 
noble metals. 

[Claim 40] Combination according to claim 30 from which second at least two metal [ activity / in catalyst ] 
becomes an alloy mutually. 

[Claim 41] Combination according to claim 30 which includes further at least one catalyst-ized gaseous 
diffusion medium. 

[Claim 42] Combination according to claim 30 to which a band essentially changes from second at least 
three metal [ activity / in catalyst ]. 

[Claim 43] Combination according to claim 30 which a band essentially becomes from second at least four 
metal [ activity / in catalyst ]. 

[Claim 44] Combination according to claim 30 in which an electrode includes at least one ion conductivity 
polymer, and the ion conductivity film contains the same ion conductivity polymer substantially with the ion 
conductivity polymer of an electrode. 

[Claim 45] Combination according to claim 30 about which an electrode includes at least one solvent 
further. 

[Claim 46] Combination according to claim 30 about which the film has the thickness of about 3 microns - 
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about 75 microns. 

[Claim 47] Combination containing the microporosity polymer into which the film has less than about 30- 
micron thickness and a larger Gurley number than 10,000 seconds, and it sank by at least one ion 
conductivity polymer according to claim 30. 

[Claim 48] Combination according to claim 47 whose microporosity polymer is extension expansion 
polytetrafluoroethylene and whose ion conductivity polymer is a perfluoro-ionomer. 

[Claim 49] Combination according to claim 48 whose band thickness an electrode does not contain the first 
metal [ activity / in catalyst ], include an ion conductivity polymer, and is about 50A - about 1,500A. 
[Claim 50] It is electrode-film combination and is the following. : It is at least one reagin divisibility 
electronic conduction nature electrode. In in this case, the electrode and row which do not contain the first 
metal [ activity / in catalyst ] substantially It is the combination which includes at least one ion conductivity 
film in contact with the electrode which forms an electrode-film interface field. Including second at least 
two metal [ activity / in catalyst ] with which interface fields essentially differ mutually, consist of at least 
one band which has band restoration of about 0.001 mg metal / cm2 - about 0.7 mg metal / cm2, and put 
together. 

[Claim 51] Combination according to claim 50 whose band is a vacuum evaporationo band and whose band 
restoration is 0.01 mg/cm2 - 0.4 mg/cm2. 

[Claim 52] Combination according to claim 50 in which a band is vapor-deposited by physical vacuum 
evaporationo. 

[Claim 53] Combination according to claim 50 in which a band is vapor-deposited by the electron beam 
physical vapor deposition. 

[Claim 54] Combination according to claim 50 in which a band is vapor-deposited by ion beam auxiliary 
vacuum evaporationo. 

[Claim 55] Combination according to claim 50 to which a band essentially changes from the continuation 
vacuum evaporationo band of a catalyst nature metal. 

[Claim 56] Combination according to claim 50 in which a band is vapor-deposited by sputtering. 
[Claim 57] Combination according to claim 50 in which a band is vapor-deposited by the magnetron 
sputtering by much independent sputtering label-use. 

[Claim 58] Combination according to claim 50 in which a band is vapor-deposited by chemical vacuum 
deposition, a physical vapor deposition, heat vacuum evaporationo, cathode arc vacuum evaporationo, ion 
sputtering, ion beam auxiliary vacuum evaporationo, or jet vacuum evaporationo. 
[Claim 59] the film has less than about 30-micron thickness and a larger Gurley number than 10,000 
seconds — being according to claim 50 — put together. 

[Claim 60] Claim 59 in which the film contains at least one microporosity polymer film into which it sank 
with at least one ion exchange resin should put together. 

[Claim 61] Combination according to claim 50 in which an electrode contains at least one ion conductivity 
polymer further. 

[Claim 62] Combination according to claim 60 in which an electrode contains at least one ion conductivity 
polymer farther. 

[Claim 63] Combination according to claim 61 into which the ion conductivity polymer of an electrode 
sinks an electrode by the film-electrode interface. 

[Claim 64] Combination according to claim 62 into which the ion conductivity polymer of an electrode 
sinks an electrode by the film-electrode interface. 

[Claim 65] Combination according to claim 50 whose band restoration second at least two metal [ activity / 
in catalyst ] serves as an alloy mutually, and is less than two 0.3 mg/cm. 

[Claim 66] Combination according to claim 60 from which second at least two metal [ activity / in catalyst ] 
becomes an alloy mutually. 

[Claim 67] Combination according to claim 64 from which second at least two metal [ activity / in catalyst ] 
becomes an alloy mutually. 

[Claim 68] Combination according to claim 67 whose band is a vacuum evaporationo band. 
[Claim 69] Combination according to claim 67 in which a band is vapor-deposited by chemical vacuum 
deposition, a physical vapor deposition, heat vacuum evaporationo, cathode arc vacuum evaporationo, ion 
sputtering, ion beam auxiliary vacuum evaporationo, or jet vacuum evaporationo. 

[Claim 70] The electrode layer combination substantially condensed by the electrode layer interface for a 
fuel cell catalyst operation of the noble metals in combination is included. At least one electronic conduction 
nature electrode by which the combination essentially enables (i) fuel cell reagin transportation, and surface 
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thickening is carried out by at least one ion conductivity polymer, And consist of at least one ion 
conductivity film which contacts an electrode in the electrode surface thickened by (ii) ion conductivity 
polymer, and this should form an electrode layer interface field, and the vacuum evaporationo layer 
containing at least two vacuum evaporationo noble metals should be vapor-deposited in an interface field, 
and put together there. 

[Claim 71] Combination according to claim 70 in which a layer is vapor-deposited by chemical vacuum 
deposition, a physical vapor deposition, heat vacuum evaporationo, cathode arc vacuum evaporationo, ion 
sputtering, ion beam auxiliary vacuum evaporationo, or jet vacuum evaporationo. 
[Claim 72] Combination according to claim 70 in which a layer contains a metaled alloy. 
[Claim 73] Combination according to claim 70 in which a layer contains multilayer noble metals. 
[Claim 74] Combination according to claim 70 in which a layer is vapor-deposited by much target 
sputtering. 

[Claim 75] Combination according to claim 70 about which a layer has layer restoration of about 0.01 mg 
metal / cm2 - about 0.7 mg metal / cm2. 

[Claim 76] Combination according to claim 70 which has the thickness whose layer is about 3A - about 
5,000A. 

[Claim 77] Combination according to claim 70 which has the thickness whose layer is about 50A - about 
1,500A. 

[Claim 78] Combination according to claim 70 which has the thickness whose layer is about 50A - about 
500A. 

[Claim 79] Combination according to claim 70 about which an electrode does not contain substantially any 
noble metals other than the noble metals of the layer of an interface. 

[Claim 80] Combination containing the extension expansion polytetrafluoroethylene into which the film has 
less than about 30-micron thickness and a larger Gurley number than 10,000 seconds, and it sank by the 
ionomer according to claim 70. 

[Claim 81] Combination according to claim 70 in which a layer contains at least three vacuum evaporationo 
noble metals. 

[Claim 82] Combination according to claim 70 which has all the noble metals in combination in an electrode 
layer interface. 

[Claim 83] Combination according to claim 70 by which the metal of a layer is partially used on that spot as 
an alloy at least when a metal is vapor-deposited from a separate sputtering target. 

[Claim 84] Combination according to claim 70 by which a layer is vapor-deposited on an electrode before 
sinking [ of the ion conductivity polymer to an electrode ] in, and formation of the film and an inter- 
electrode interface field in order to offer thickening. 

[Claim 85] Include two electrodes which sandwich one layer of a solid-state polymer electrode in between 
in order to form two membrane electrode interface fields. It is a membrane electrode assembly for using in 
the solid-state polymer electrolyte fuel cell which strengthened the resistance over poisoning. A solid-state 
polymer electrode layer by air impermeability It has the thickness of less than about 75 microns. Assembly 
by which a catalyst is carried out in the vacuum evaporationo band which consists of the constituent of at 
least two noble metals prescribed in order that an electrode may essentially strengthen the poisoning-proof 
nature under fuel cell actuation. 

[Claim 86] 5 It is the assembly according to claim 85 which offers the poisoning-proof nature lambda 
parameter in 0.85 or 0.6 V not more than it when hydrogen supply by CO of ppm is performed and 
hydrogen supply by CO of 50 ppm not more than 0.65 or it is performed. 

[Claim 87] 5 It is the assembly according to claim 85 which offers the poisoning-proof nature lambda 
parameter in 0.85 or 0.6 V not more than it when hydrogen supply by CO of ppm is performed and 
hydrogen supply by CO of 50 ppm not more than 0.50 or it is performed. 

[Claim 88] 5 It is the assembly according to claim 85 which offers the poisoning-proof nature lambda 
parameter in 0.60 or 0.6 V not more than it when hydrogen supply by CO of ppm is performed and 
hydrogen supply by CO of 50 ppm not more than 0.25 or it is performed. 

[Claim 89] 5 The assembly according to claim 85 which offers the poisoning-proof nature lambda parameter 
in 0.65 or 0.6 V not more than it when hydrogen supply by CO of ppm is performed. 

[Claim 90] 5 The assembly according to claim 85 which offers the poisoning-proof nature lambda parameter 
in 0.25 or 0.6 V not more than it when hydrogen supply by CO of ppm is performed. 
[Claim 91] 50 The assembly according to claim 85 which offers the poisoning-proof nature lambda 
parameter in 0.85 or 0.6 V not more than it when hydrogen supply by CO of ppm is performed. 
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[Claim 92] 50 The assembly according to claim 85 which offers the poisoning-proof nature lambda 
parameter in 0.60 or 0.6 V not more than it when hydrogen supply by CO of ppm is performed. 
[Claim 93] 5 It is the assembly according to claim 85 which offers the current density in 0.6 V of 150 
mA/cm2 at least when hydrogen supply by CO of ppm is performed and hydrogen supply by CO of 50 ppm 
of 350 mA/cm2 is performed at least. 

[Claim 94] 5 It is the assembly according to claim 85 which offers the current density in 0.6 V of 200 
mA/cm2 at least when hydrogen supply by CO of ppm is performed and hydrogen supply by CO of 50 ppm 
of 450 mA/cm2 is performed at least. 

[Claim 95] 5 It is the assembly according to claim 85 which offers the current density in 0.6 V of 175 
mA/cm2 at least when hydrogen supply by CO of ppm is performed and hydrogen supply by CO of 50 ppm 
of 500 mA/cm2 is performed at least. 

[Claim 96] 5 The assembly according to claim 85 which offers the current density in 0.6 V of 350 mA/cm2 
at least when hydrogen supply by CO of ppm is performed. 

[Claim 97] 5 The assembly according to claim 85 which offers the current density in 0.6 V of 450 mA/cm2 
at least when hydrogen supply by CO of ppm is performed. 

[Claim 98] 50 The assembly according to claim 85 which offers the current density in 0.6 V of 150 mA/cm2 
at least when hydrogen supply by CO of ppm is performed. 

[Claim 99] 50 The assembly according to claim 85 which offers the current density in 0.6 V of 175 mA/cm2 
at least when hydrogen supply by CO of ppm is performed. 

[Claim 100] The fuel cell which includes two or more membrane electrode assemblies according to claim 
85. 

[Claim 101] The transportation vehicle which includes the fuel cell of claim 100 ******. 
[Claim 102] Following: (i) Although at least one ion conductivity polymer is included However, at least one 
reagin diffusibility electronic conduction nature electrode which does not contain the first metal [ activity / 
in catalyst ] substantially, An assembly component including at least one ion conductivity film is offered, 
and (ii) — Although the band which essentially consists of second at least two metal [ activity / in catalyst ] 
which has about 3A - about 5,000A band thickness is vapor-deposited on at least one assembly component 
Then, the direct vacuum evaporationo on (i) assembly component or (ii) vacuum evaporationo band is first 
vapor-deposited for band vacuum evaporationo on a substrate, next, the indirect vacuum evaporationo on the 
assembly component moved from a substrate on an assembly component — it is — and — Membrane 
electrode assembly prepared with the combination of the process which collects a membrane electrode 
assembly from an assembly component to arbitration. 

[Claim 103] The membrane electrode assembly according to claim 102 which includes a collection process 
further. 

[Claim 104] The membrane electrode assembly according to claim 102 whose assembly component is the 
film. 

[Claim 1 05] The membrane electrode assembly according to claim 1 02 whose assembly component is an 
electrode. 

[Claim 106] The membrane electrode assembly according to claim 102 whose deposition is chemical 
vacuum deposition, a physical vapor deposition, heat vacuum evaporationo, cathode arc vacuum 
evaporationo, ion sputtering, ion beam auxiliary vacuum evaporationo, or jet vacuum evaporationo. 
[Claim 107] The membrane electrode assembly according to claim 102 with which an assembly contains at 
least one catalyst-ized gaseous diffusion medium further. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

Field of the Invention Generally this invention relates to the fuel cell membrane electrode assembly 
accompanied by an output improvement. Especially these advanced assemblies are characterized by the 
comparatively thin band of the metal [ activity / in catalyst ] beyond one or it in a film-electrode interface 
other than the metal [ activity / in catalyst ] which may exist also in an electrode. 
[0002] 

Background of invention A fuel cell is continuing showing the commercial hope that it is great all over the 
world as what is replaced with the conventional energy source. Energy shortage becomes still more serious, 
environmental regulation becomes still severer, and when a new fuel cell application appears, this 
commercial hope will surely continue growing. For example, please refer to "FUEL CELLS", Encyclopedia 
of Chemical Technology, 4th Ed., Vol.1 1, and PP. 1098-1 121. Even the time announced the plan for mass 
production method of the fuel cell motive power unit in the near future, and retail sale, and many 
automakers are continuing announcing it. 
[0003] 

however, the keen need for increasing an output generally, reducing an initial cost, and improving water 
management, and extending an actuation life in spite of amelioration of a fuel cell technique, — being long — 
it is alike, and continues and exists. Especially important initial-cost reduction may be most easily attained 
by reducing the noble-metals content of a fuel cell electrode. However, generally such reduction causes the 
loss of power which bars commercialization efforts. So, the new discovery for solving difficult compromise 
of these and others is needed. 
[0004] 

Although the fuel cell of a different class exists, they generate electrical energy by the chemical reaction 
respectively. Typically, one class which is increasing the importance which is "a polymer electrolyte 
membrane fuel cell (PEMFC)" includes the membrane electrode assembly (MEA) produced from the ion 
conductivity polymer film inserted into two electronic conduction nature inter-electrode. An electrode is 
connected also with the electrode catalyst bed which is conductivity and also offers a catalysis. For 
commercial application, it connects electronically and much MEA(s) can form a fuel cell stack (that is, 
"put" ("stacked")). As other constituents relevant to typical PEMFC, a gaseous diffusion medium and a 
current collector are mentioned, and the latter can serve also as a bipolar eliminator and a flowing space 
component. PEMFC is examined also in reference. S. Srinivasan et al.; J.Power Sources; 29 (1990); pp.367- 
387; and Fuel Cell Systems, L.J.M.J.Blomen and M.N.Mugerwa (Ed.); Plenum Press; 1993; Please refer to 
Chapter 11. 
[0005] 

In typical PEMFC, a fuel like hydrogen gas oxidizes in electrode catalyst with one electrode (anode). In the 
electrode (cathode) of another side, an oxidizer, for example, oxygen gas, is returned in electrode catalyst. A 
net reaction brings generating of electromotive force and an external current to inter-electrode, when it acts 
as intermediary with the film. Although this reaction is urged to an elevated temperature, one advantage to 
which PEMFC is still more important is a point that low temperature (for example, 80 degrees C) may be 
used. Generally the catalyst of the fuel cell reaction is carried out with transition noble metals and noble 
metals like the platinum which generally exists in both an anode and a cathode as an electrode catalyst bed. 
Since a fuel cell is often operated with use of gas reagin, a typical electrode is porous matter (still more 
generally reagin diffusate) which has a metal [ activity / in catalyst ] a porous front face or in it. In some 
cases, a catalyst may be thinly covered with a diffusion ** cell polymer in gas by the catalyst in a lower 
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layer. Although a metal is a different morphological configuration, it is granular or a distributed 
configuration and is often supported on carbon. The fuel cell engine performance is obtained according to a 
catalyst gestalt. Poirier et al.; Please refer to J.Electorchemical Society, vol.141, no.2, February 1994, and 
pp.425-430. 
[0006] 

Since it is thought that a reaction carries out localization to the three-phase-circuit boundary between the ion 
conductivity film, gas, and a carbon support catalyst, the fuel cell system is complicated. For this 
localization, the addition to the electrode of the ion conductivity matter may bring about better use of a 
catalyst, and amelioration of interface contact on the film, however, additional ion — a conductor — 
especially — fault fluorination — when a conductor is used, ** it can introduce cost specially — and an 
electrolyte — although the complexity of water management may be increased, these are important to 
commercialization altogether, so, ion — the discovery which improves use of a conductor is needed. 
[0007] 

In order to make restoration of an expensive catalyst metal into the minimum, one general approach using a 
smaller catalyst particle exists. However, long actuation duration is difficult especially to attain low catalyst 
restoration, and catalyst poisoning may happen. Furthermore, catalyst grain size is unstable and may 
increase by agglomeration or sintering, so, use, catalyst, and ion of a catalyst — the discovery which 
improves the combination of a conductor is also needed. 
[0008] 

The general approach of one network which has not been successful although tried was condensing a metal 
by the film-electrode interface. For example, Ticianelli et al.; Journal of Electroanalytical Chemistry and 
Interfacial Electrochemistry; Please refer to Vol.251 No.2, September 23, 1988, and pp.275-295. For 
example, it is reported that the 500A dense layer of a single metal catalyst was spatter-ized on a certain kind 
of gas diffusion electrode, however — although the spatter-ized layer thinner than 500A was not reported — 
this - probably — ** — it is thought that it is because [ uniform ] production of a film is comparatively 
difficult. Furthermore, concentration of catalyst approach is not suitable for other electrodes and vacuum 
deposition of a class, and can disturb water balance. Furthermore, a trial is not often performed under 
commercial conditions. The inadequate engine performance was especially reported about the electrode all 
whose catalyst metals are the gestalten of a spatter-ized film. In short, mere vacuum evaporationo of the 
catalyst called thin layer on an electrode does not guarantee MEA suitable for a commercial application, but 
it is generally recognized as industry having not permitted this approach as what was based actually. For 
example, according to the paper of above Srinivasan, as compared with wet chemical vapor deposition, 
sputtering can be performed economically and obtained. 
[0009] 

Furthermore, the option is indicated by patent reference. As the example :U.S. Pat. No. 3,274,029, No. 
3,492,163 to which the following are mentioned, No. 3,615,948, No. 3,730,774, No. 4,160,856, No. 
4,547,437, No. 4,686,158, No. 4,738,904, No. 4,826,741, No. 4,876,115, No. 4,937,152, No. 5,151,334, No. 
5,208,1 12, No. 5,234,777, No. 5,338,430, No. 5,340,665, No. 5,500,292, No. 5,509,189, No. 5,624,718, No. 
5,686,199, and the No. 5,795,672 specification. Furthermore, the vacuum evaporationo technique is 
indicated by U.S. Pat. No. 4,931,152, No. 5,068,126, No. 5,192,523, and No. 5,296,274. 
[0010] 

Although much researches have concentrated on the fuel cell electrode, especially the significant 
development about the fuel cell film is indicated by U.S. Pat. No. 5,547,551, No. 5,599,614, and No. 
5,635,041 (Bahar etc.). About a commercial application, a film design needs to be unified with an electrode 
design by systematic approach, in order to make the fuel cell engine performance into max. The 
combination of the property that it is very important for commercialization is difficult for attaining without 
this integrated approach. 
[0011] 

Finally, it is the catalyst poisoning caused in commercialization with an impurity [ like the carbon monoxide 
in reagin (CO) ] whose lifting and another problem which can be barred are. For example, when hydrogen 
fuel is generated by hydrocarbon reforming, the concurrence of CO is carried out, and this requires costs for 
removal, when CO content in hydrogen is especially removed by the value lower than 100 ppm. Poisoning 
has low catalyst restoration and is a problem especially in PEMFC using single metal platinum. The 
problem of poisoning is solved without producing other problems, and the discovery which offers suitable 
compromise is needed. 
[0012] 
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Although the attempt for easing CO poisoning is reported, generally they are not successful and are 
producing the lowered power. Some of these attempts have doubled the focus with mixing other transition 
metals, for example, a ruthenium, with platinum, before the vacuum evaporationo on an electrode. As 
vacuum deposition, humid ink and a vaccum method are mentioned, for example. However, especially about 
thin film vacuum evaporationo, the vaccum method of some is expensive and it is hard for the ink method to 
treat it difficultly [ controlling correctly ]. 
[0013] 

The approach using transition metal catalyst mixture is considered by U.S. Pat. No. 4,430,391, No. 
4,487,818, No. 5,296,274, No. 5,395,704, and No. 5,786,026. Furthermore, Morita etc. indicates the golden- 
platinum 2 metal model catalyst on the smooth carbon substrate by RF sputtering ("Anodic Oxidation of 
Methanol at a Gold-Modified Platinum Electrocatalyst Prepared By RF Sputtering on a Glassy Carbon 
Support", Electrochimica Acta, vol.36, No. 5/6, pp.947 -951 (1991) reference). However, this paper reports 
the trouble in the case of obtaining reproducible data as a result of being in agreement with a 2 metal 
system. Furthermore, this paper has only indicated different methanol oxidation from other fuel oxidation in 
machine operation. It does not indicate hydro-acid-izing and use of a reagin diffusibility (or porosity) 
electrode. Although the thickness of a catalyst band is not reported, the thickness of less than 1 micron is 
mentioned. An alloy is not indicated and any vacuum deposition other than RF sputtering is not indicated. 
[0014] 

Furthermore, U.S. Pat. No. 5,750,013 indicates the membrane electrode assembly based on the vacuum 
deposition ion conductivity film located between the vacuum deposition intersection alternation of strata of 
a particle metal layer and a porous conductive layer. All membrane electrode assemblies are prepared by 
vacuum deposition. However, concentration of the metal [ activity / in catalyst ] in a film-electrode interface 
is not accepted. Rather, the aforementioned stratification structure is not condensed but it is predicted that it 
has inadequate catalyst effectiveness relatively, furthermore, membranous ion — the electron of a conductor 
and an electrode — the three-phase-circuit boundary where it was fully unified between the conductor and 
the metal [ activity / in catalyst / electrode ] does not exist. Furthermore, the vacuum deposition film is too 
thin and, generally is not a suitable fiiel cell filter layer in actual application. Especially the experiment 
about the engine performance of the membrane electrode assembly under commercial practical conditions is 
not reported to the last in this patent. 
[0015] 

U.S. Pat. No. 4,430,391 and No. 4,487,818 indicate the fuel cell electrode with which reforming of the host 
matrix containing transition metals is carried out of at least one modifier component, in order that 
(Ovshinsky etc. may improve) a catalyst property. A reforming catalyst bed may be vapor-deposited by 
sputtering on a non-catalyst gas diffusion electrode. The minimum thickness of a catalyst bed is indicated to 
be 0.5 microns (5,000A). According to these patents, a modifier component increases the disorderly amount 
in the host matrix which increases the number of parts [ activity / in catalyst / in an electrode ]. Although 
experimental data is reported by these patents, there is no experimental data reported about the actuation 
membrane electrode assembly or the fuel cell. Furthermore, the polymer electrolyte membrane fuel cell is 
not taught or suggested. 
[0016] 

U.S. Pat. No. 5,879,827 and No. 5,879,828 indicate the membrane electrode assembly prepared by use of 
the vacuum deposition of the metal catalyst on the whisker Mr. support held by the substrate. Next, during 
collection of a membrane electrode assembly, a support catalyst is moved from a substrate by the film or the 
electrode. However, these patents do not teach or suggest the catalyst of the gestalt which is not combined 
[ which are not combined and is not direct-connected ] with the whisker support which is generally non- 
conductive. It teaches that these patents do not have still more desirable use of the ion conductivity polymer 
in an electrode, and that it is not important for the best osculation between a catalyst and the ion 
conductivity matter. It is thought that growth of a catalyst is systematized as what was contrasted as it is 
random. It is desirable not to need excluding use of the whisker Mr. structure for supporting a catalyst, and 
to prepare the structure which essentially consists of the component which has the extensive contact 
between a catalyst and the ion conductivity matter. Furthermore, random growth of catalyst structure is 
important and is obtained. 
[0017] 

Therefore, generally, the fuel cell technique suitable for the commercial demand of today's next generation 
is not taught and proved clearly, or the conventional technique has not carried out even suggestion. 
[0018] 
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Epitome of invention In spite of the prejudice which exists in this industry, this invention person etc. found 
out that the also unexpectedly advanced amelioration in an output may be attained about low and the super- 
low restoration catalyst MEA. By introducing a thin band into the interface between the selected electrode 
and the film relatively [ a catalyst metal ], large power may be intentionally generated to the same amount or 
the catalyst of a far small amount, furthermore, the electrode and film which were selected in system 
approach - a union cell — the outstanding overall fuel cell engine performance may be attained by things. 
The test result is especially promising intentionally also under commercial practical conditions, and 
poisoning-proof nature may be improved. 
[0019] 

This invention sets like 1 voice and this invention person etc. is electrode-film combination. Following: At 
least one reagin diffusibility electronic conduction nature electrode containing first at least one metal 
[ activity / in catalyst ], and at least one ion conductivity polymer, In a row It is the combination which 
includes at least one ion conductivity film in contact with the electrode which forms an electrode-film 
interface field. The interface field found out the combination which includes at least one band which has the 
band thickness of about 3A - about 5,000A including second at least two different metal [ activity / in 
catalyst ]. 
[0020] 

In another mode of this invention, this invention person etc. is electrode-film combination. Following: At 
least one porous conductivity electrode which includes first at least one metal [ activity / in catalyst ], and at 
least one ion conductivity polymer, In a row It is the combination which includes at least one ion 
conductivity film in contact with the electrode which forms an electrode layer interface field. The 
combination about which an interface field includes at least one band which has band restoration of about 
0.001 mg metal / cm2 - about 0.7 mg metal / cm2 including second at least two different metal [ activity / in 
catalyst ] was discovered. 
[0021] 

Still more nearly another mode of this invention is electrode-film combination, and is the following. : It is at 
least one reagin diffusibility electronic conduction nature electrode. There In the electrode and row which do 
not contain the first metal [ activity / in catalyst ] substantially It is the combination which includes at least 
one ion conductivity film in contact with the electrode which forms an electrode-film interface field. An 
interface field is the combination which includes at least one band which has the band thickness of about 3A 

- about 5, 000 A including second at least two mutually different metal [ activity / in catalyst ]. 
[0022] 

Another mode of this invention is electrode-film combination, and is the following. : It is at least one reagin 
diffusibility electronic conduction nature electrode. There In the electrode and row which do not contain the 
first metal [ activity / in catalyst ] substantially It is the combination which includes at least one ion 
conductivity film in contact with the electrode which forms an electrode-film interface field. An interface 
field consists of second at least two metal [ activity / in catalyst ] which is essentially mutually different, and 
includes combination including at least one band which has band restoration of about 0.001 mg metal / cm2 

- about 0.7 mg metal / cm2. 
[0023] 

Furthermore, this invention includes the electrode layer combination substantially condensed by the 
electrode layer interface for a fuel cell catalyst operation of the noble metals in combination. At least one 
electronic conduction nature electrode by which the combination essentially enables (i) fuel cell reagin 
transportation, and surface thickening is carried out by at least one ion conductivity polymer, And it consists 
of at least one ion conductivity film which contacts an electrode in the electrode surface thickened by (ii) ion 
conductivity polymer, this forms an electrode layer interface field, and the vacuum evaporationo layer 
containing at least two vacuum evaporationo noble metals is vapor-deposited [ then, ] in an interface field. 
[0024] 

Include two electrodes which sandwich one layer of a solid-state polymer electrode in between in order that 
this invention may set like 1 voice further and may form two membrane electrode interface fields. It is a 
membrane electrode assembly for using in the solid-state polymer electrolyte fuel cell which strengthened 
the resistance over poisoning. A solid-state polymer electrolyte layer by air impermeability It has the 
thickness of less than about 75 microns. An electrode contains the assembly by which a catalyst is carried 
out in the vacuum evaporationo band which essentially consists of the constituent of at least two noble 
metals prescribed in order to strengthen the poisoning-proof nature under fuel cell actuation. 
[0025] 
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In still more nearly another mode of this invention, it is the following. : (i) Although at least one ion 
conductivity polymer is included At least one reagin diffusibility electronic conduction nature electrode 
which does not contain the first metal [ activity / in catalyst ] substantially, The assembly component 
containing at least one ion conductivity film is offered, and (ii) ~ Although the band which essentially 
consists of second at least two metal [ activity / in catalyst ] which has about 3 A - about 5,000A band 
thickness is vapor-deposited on at least one assembly component The direct vacuum evaporationo on (i) 
assembly component or (ii) vacuum evaporationo band is first vapor-deposited for band vacuum 
evaporationo on a substrate here, next, the indirect vacuum evaporationo on the assembly component moved 
from a substrate on an assembly component — it is — and — Arbitration is provided with the membrane 
electrode assembly prepared with the combination of the process which collects a membrane electrode 
assembly from an assembly component. 
[0026] 

There are very many advantages of this invention in the embodiment of the large number. In order that the 
further important advantage other than better catalyst use and the output amelioration accompanied by 
poisoning-proof nature may prepare the structure concerned, it is making it that many approaches may be 
used and the approach of these large number turn to a different commercial application. Now is possible for 
a more exact design and control. The good integration between the film and inter-electrode and the film, a 
cathode, and an anode was attained. Furthermore, it deserves attention that the band of a catalyst metal does 
not disturb the water balance of a fuel cell system substantially, that it can apply to the fuel cell reagin from 
which this invention differs, and that process measuring possibility was proved. The different vacuum 
evaporationo approach including an electron beam physical vapor deposition and multi-target sputtering 
may be used. The mixture of a catalyst showed both poisoning-proof nature amelioration and output 
amelioration to the unexpected thing as compared with the single catalyst. Finally, a catalyst band 
essentially consists of the metal [ activity / in catalyst ] which offers good interface contact between the 
metals [ activity / in catalyst ] and ion conductivity matter which are not required for a systematization 
whisker Mr. substrate to support a metal. 
[0027] 

In short, this invention meets the demand of the commercial scene based commercially in fact. 
[0028] 

Detailed description MEA and general mode of a half cell Drawing 1 shows the cross section of the flat- 
surface configuration of this invention, the direction of z — the same flat surface as the page — and it is 
shown at right angles to the flat surface of MEA. Constituents 1 and 3 express the electronic conduction 
nature electrode (the first and the second electrode) which each contacts the ion conductivity polymer film 
2, and sandwiches it together. Fields 4 and 5 express the first and second interface field. The field divides 
the film from the first and the second electrode (1 and 3). An electrode may contain the metal [ activity / in 
catalyst ] which includes the metal in an interface field as an electrode catalyst field. MEA includes two half 
cells formed of the combination (with no electrode 3) of an electrode 1 and the film 2, or the combination 
(with no electrode 1) of an electrode 3 and the film 2. 
[0029] 

Drawing 2 shows the half cell of this invention which includes the first electrode 1 and the ion conductivity 
film 2 which contact together and form the interface field 4. Extent of an interface field is obtained by use 
which the same matter (for example, same polymer ionomer) in both the electrode by which for example, (i) 
film and an electrode are merged at the time of collection of the surface roughness of the contact ** cell 
approach, (ii) film, and an electrode, porosity, an electrode, and the film, and the film can consider. 
However, regardless of the approach by which a half cell is formed, this interface field includes the band 6 
of the same metal [ activity / in catalyst ] (an unit or plurality) as that (the first metal) which exists in an 
electrode in arbitration. However, the metal [ activity / in catalyst ] (an unit or plurality) (the second metal) 
of a band 6 may be vapor-deposited in a process separate from the metal [ activity / in catalyst ] in an 
electrode 1 . The second metal is a completely different metal from the first metal, or it may have the 
structure or the gestalt which is different although it is the same metal. For example, metaled mixture may 
be used so that an electrode may contain [ a band 6 ] first at least two different metal [ activity / in catalyst ], 
including second at least two different metal [ activity / in catalyst ]. 
[0030] 

Drawing 3 shows one desirable embodiment of this invention with the sectional view of an electrode (for 
example, the example 2 following reference). The electrode which is porosity and enables reagin diffusion 
contains the ion conductivity fault fluorination ionomer united with the particle of a carbon support platinum 
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catalyst. Furthermore, an electrode includes the vacuum evaporationo band of the platinum which helps to 
generate z inclination phase function of the metal [ activity / in catalyst ] in the interface of an electrode and 
the film. For example, though an interface may have the heterogeneity for porosity and a processing 
operation, in spite of the possibility of band interruption in the specific field in a membrane electrode 
assembly, a band is separately regarded as a YUNITARI component of this invention, and it deals in it. So, 
a band may be property-ized by band thickness, for example. This is explained further below. 
[0031] 

Drawing 4 expresses further the general z inclination phase function concept of this invention. Generally in 
this display, the concentration of a metal [ activity / in catalyst / in an electrode ] is shown as the number of 
Ichinoseki of the distance from the film. A metal [ activity / in catalyst ] is a metal (namely, the first metal) 
which exists from the first in an electrode, or may be a metal (namely, the second metal) vapor-deposited 
separately. First, in Field A, a metal [ activity / in catalyst ] is the second metal completely substantially, and 
an electrode is pure metal non-contained carbon or, and an ion conductivity polymer substantially. Next, the 
field B to which the concentration of the second metal falls exists. The inclination in the field B of this 
general display may change by surface roughness, electrode porosity, homogeneity, the preparation 
approach, and other experiment factors. Finally Field C exists and it is based on the first metal with which 
the concentration of a metal [ activity / in catalyst ] exists from the first in an electrode before vacuum 
evaporationo of the second metal there. By request, Field C may include the inclination of the concentration 
of the first metal [ activity / in catalyst ] which has high-concentration one to the film. A metal [ activity / in 
catalyst ] may actually be distributed over the whole electrode without having ideal homogeneity. 
[0032] 

It is thought that it may happen between the bands of the second metal [ activity / in catalyst ] which the 
unexpected having-two-incomes-interaction vapor-deposited with the first metal [ activity / in catalyst ] 
although the theory of this invention is not necessarily fully understood. When the result, especially 
selection vacuum deposition are used, significant power increase may be observed without being 
accompanied by substantial increase of metal restoration. 
[0033] 

This invention is extensively applicable to a fuel cell technique on especially a PEMFC technique. Although 
a fuel is gas, for example, hydrogen, preferably, liquid fuel, for example, alcohol, for example, a methanol, 
may be used. A hydrocarbon including reformed gasoline or diesel fuel may also be used in order to provide 
a fuel cell with a fuel. Air (oxygen) may be used in order to oxidize a fuel. 
[0034] 

Use of a metal [ activity / in catalyst / a large number ] Both the first metal [ activity / in catalyst ] and the 
second metal [ activity / in catalyst ] may exist as mixture of a metal [ activity / in catalyst ], without being 
accompanied by change of this general concept of z inclination phase function shown in drawing 4 . When 
metal mixture exists, the concentration of each metal is added and the total concentration is produced. 
[0035] 

When a poisoning-ized fuel, for example, a reformate fuel, is used especially, a metal [ activity / in catalyst / 
mixture / plurality or ] (for example, 2 metal catalyst) is used, the engine performance is improved, and a 
poisoning operation can be reduced. Although mixture may be alloyed, it does not need to be alloyed 
partially at least. Even a low carbon monoxide content called 5-100 ppm especially in carbon monoxide 
poisoning can pose a problem. For example, in this embodiment, an interface field may contain second at 
least two mutually different metal [ activity / in catalyst ]. Furthermore, an electrode may contain first at 
least two mutually different metal [ activity / in catalyst ]. Especially a metal [ activity / plurality / in 
catalyst 7 in this embodiment ] is desirable in the anode exposed to a fuel. As two or more metals, the metal 
from which a large number differ further by 3, 4, and request is mentioned. Good mixing of a metal 
including metal alloying may take place. About a 2 metal system, Pt-Ru, Pt-Sn, Pt-Co, Pt-Cr, Pt-Mo, Pt- 
aluminum, and Pt-nickel are mentioned as desirable combination, and the most desirable combination is Pt- 
Ru. 
[0036] 

By the 2 metal system, the desirable relative amount of two metals is based on the specific system. 
Preferably, each equivalent (not mass but atomic weight) metal exists in a Pt-Ru 2 metal system 
substantially, generally — a Pt-X system (here, X is a metal [ activity / in additional catalyst ]) — being 
related — the amount of X — for example, it may be about 30% (a residue is platinum) further especially 
preferably about 10% to about 40% about 5% to about 60%. Platinum does not need to be an element which 
exists by the peak and noble metals like Pd and Rh may also be rather used instead of platinum as a base 
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metal. 
[0037] 

For example, Pt-Sn-Os, Pt-Ru-Cr, Pt-Ru-Mo, and a three way component catalyst system like the 
combination of these elements are also considered, still more nearly another metal [ activity / in the third 
catalyst ] ~ especially - low - especially when a metal [ ******** ^ f or example, Ru, exists, it can help to 
improve catalytic activity. The multi-metal catalyst system of this invention is further explained below in 
description of "the second embodiment." 
[0038] 

Electrode Before they are contacted with the ion conductivity film or vacuum evaporationo of the second 
metal [ activity / in catalyst ] is attached, preliminary processing of the reagin diffusibility electronic 
conduction nature electrode containing a cathode and an anode may be carried out. Generally, the 
conventional gas diffusion electrode is marketed and it may be used with direct or reforming. For example, a 
low platinum restoration electrode or a non-catalyst electrode is obtained from E-TEK, Inc. (Natick, Mass), 
or Electrochem and Inc. 
[0039] 

An electrode needs to include the diffusibility and electronic conduction nature to reagin including structural 
integrity and available water management, porosity, or the diffusibility over gas, catalytic activity, 
workability, and the constituent that offers good interface contact on the film. If these functional attributes 
exist, especially the structure of an electrode will not be limited. Generally, since catalyst use is increased, at 
least one ion conductivity polymer should exist as some electrodes. 
[0040] 

Generally an electrode may have a flat-surface configuration substantially. A flat surface means the goods or 
the gestalt produced so that it may have far larger die length than a thickness dimension and a width method, 
or a fundamental dimension. As an example of such goods, a high polymer film or the film, a paper sheet, 
and a textile are mentioned. Once it is generated, such flat-surface goods may essentially be used as flat 
goods, or may be folded [ they are wound around it and ] up or twisted by the more complicated 
configuration. 
[0041] 

An electrode is porosity partially at least and porosity means the structure of a link hole with which the 
continuation path and path covering the whole matter are offered, or an opening in this case, further — 
general — an electrode — a commercial usable rate — it is — reagin — a diffusion ** cell — or there is 
transportation ** cell need through an electrode. 
[0042] 

The mode of others of electrode preparation, an electrode catalyst bed, and a fuel cell technique is indicated 
by U.S. Pat. No. 5,21 1,984 and No. 5,234,777 (Wilson) (these written contents are included by reference in 
this specification). For example, Wilson teaches the transfer approach for carrying out fabricating of an 
electrode and electrode catalyst bed including use, ion conductivity polymer, and metal catalyst of catalyst 
content ink. In these patents, a non-catalyst-ized porosity electrode is arranged to the film of the catalyst in a 
fuel cell assembly, and forms the gaseous diffusion lining cloth for a catalyst film. However, even if there is 
generally a catalyst film of Wilson about porosity unlike the thing of this invention, only mere a few has. 
[0043] 

A desirable electrode is a layer formed from the conductive particulate matter which may contain the 
catalyst matter held together with the polymer binder. A hydrophobic binder, for example, 
polytetrafluoroethylene, may be used by request. Ion exchange resin may also be used as a binder. 
[0044] 

Extension expansion (expanded) or porous polytetrafluoroethylene may be used in order to support an 
electrode catalyst. Especially a desirable electrode may be prepared by the following technique "technique 
A." 
[0045] 

40 Prepare the dispersion liquid of the carbon black-platinum (50 mass %) particle (NE Chemicat Co.) of 5 
g in the 2-methyl-l -propyl alcohol of g. The liquid constituent of the isopropyl alcohol containing 9 mass % 
Nation (trademark) perfluoro-sulfonic acid type resin (DuPont) is added to dispersion liquid, and the 
assistance of ultrasonic churning is borrowed, it fully mixes, and the liquid mixture which has the relative 
concentration of 50 mass % ion-exchange resin and 50 mass % carbon black support platinum is generated. 
Liquid mixture is applied with a brush and a porous extension expansion polytetrafluoroethylene electrode 
support film (thickness of -16 micrometers; hole volume 94%;IBP0.12 kg/cm2) is sunk in. An air dried 
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removes a solvent. A composite-construction object is heat-treated at 120 degrees C for 24 hours, and this 

technique is completed. 

[0046] 

Even if this technique A uses the catalyst (carbon black-platinum) of 25 mass % with the fault fluorination 
ionomer polymer of the amount of remainders at least, for example, it may be performed. Preferably, the 
electrode in this compound structure has some porosity, and is reagin difftisibility. 
[0047] 

In order to use as electrode support, porosity or an extension expansion polytetrafluoroethylene film needs 
to be thin, for example, may have further especially preferably about 3 microns - about 200 microns of about 
3 microns - about 30 microns of thickness of about 5 microns - about 20 microns. It is contacted with this 
conductivity constituent of the others in which a thin catalyst content electrode does not contain a catalyst 
relatively, and the path for reagin can be offered. 
[0048] 

The hole volume of ePTFE electrode support may be about 85% - about 95% preferably about 60% to about 
95%, for example, the maximum hole size specified by the isopropanol bubble point (IBP) — for example, 
about 0.05 kg/cm2 - about 0.5 kg/cm2 — they may be about 0.05 kg/cm2 - about 0.3 kg/cm2 preferably. A 
bubble point is ASTM. It measured by the technique of F3 16-86. Isopropyl alcohol was used as humid 
liquid for being filled up with the hole of a trial specimen. A bubble point is the pressure of air required to 
permute the isopropyl alcohol from the maximum hole of a test specimen, and produce the primary 
continuous flow of the bubble detected according to those increases covering the whole layer of the 
isopropyl alcohol which covers a porous medium. This measured value offers the estimate of the maximum 
hole size. 
[0049] 

before vacuum evaporationo of the band of the second metal [ activity / in catalyst ] — an electrode — 
desirable — relative — about 0.01 mg/cm2 - about 1 mg/cm2 of a low content — desirable — about 0.02 
mg/cm2 - about 0.5 mg/cm2 - it has catalyst restoration of about 0.05 mg/cm2 - about 0.4 mg/cm2 still 
more preferably. Preferably, it is less than two about 0.3 mg/cm. The total catalyst restoration for Single 
MEA is less than two about 0.2 mg/cm still more preferably less than two about 0.65 mg/cm preferably. 
[0050] 

First at least one metal [ activity / in catalyst ] is distributed over the porous whole front face of an electrode, 
the activity in catalyst — **** — generally a metal means that it is useful to offering a catalysis by a certain 
approach. The first and the second metal [ activity / in catalyst ] may be the same metals, and are the same 
metal preferably. Both the first and the second metal [ activity / in catalyst ] may be noble metals or a VIII 
group metal. As a specific example, Pt, Pd, Ru, Rh, Ir, Ag, Au, Os, Re, Cu, nickel, Fe, Cr, Mo, Co, W, Mn, 
aluminum, Zn, and Sn are mentioned, desirable metals are nickel, Pd, and Pt, and Pt is the most desirable. A 
metal [ activity / in catalyst / plurality ] (for example, 2 metallicity) may also be chosen from this list by 
request. The co-catalyst and accelerator like C, nickel, aluminum, Na, Cr, and Sn may also exist. The 
conventional reagent of the arbitration for strengthening the fuel cell engine performance may be used. 
[0051] 

The first metal [ activity / in catalyst ] is the gestalt of a metal restoration carbon particle preferably, for 
example, a carbon particle — at least 10 mass % — a metal may be preferably filled up with the amount of a 
20 mass % metal at least. Preferably, the first metal [ activity / in catalyst ] is relatively distributed over 
homogeneity, and is distributed at random by the whole electrode. An electrode may be formed from the 
particle XC72 (about 200 m2/g) of high surface area carbon, for example, the Balkan Peninsula, (Vulcan), 
and a black pearl (Black Pearls) 2000 (about 1000 m2/g) (Cabot, Boston, Mass.) (these are filled up with the 
particle of platinum with a size of about 20A - about 50A to electrode surface product restoration of about 
0.35 mg/cm). 
[0052] 

The electrode other than a support metal catalyst should improve contact of the electrode to the film, and 
should contain further the ion conductivity polymer for increasing catalyst use. or [ that the membranous ion 
conductivity polymer ("the first ion conductivity polymer") is substantially / as the ion conductivity polymer 
("the second ion conductivity polymer") of an electrode / the same ] — or although it may differ, they are 
substantially the same preferably. Two ion conductivity matter may be substantially used with the bulking 
agent or additive of a content which (ii) (i) ii [ which may be chosen so that it may have the same general 
chemical identity although it has a different equivalent mass ] Is different in it being the same, or (iii) 
although it has the same general polymer principal chain, it means that it may have a different ion radical. 
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[0053] 

an electrode — at least one hydrophobic constituent, for example, a fluorination polymer, ~ a fault 
fluorination polymer, for example, polytetrafluoroethylene, may be included further preferably. This 
hydrophobic constituent may be condensed by the electrode-film interface by request. As other examples, 
tetrafluoroethylene / (perfluoro-alkyl) vinyl ether copolymer (PFA), or tetrafluoroethylene / 
hexafluoropropylene copolymer (FEP) is mentioned. This fluorination hydrophobic constituent can be 
useful to improving the waterproofhess in an electrode surface. 
[0054] 

a hole — a formation agent or the bulking agent for electric anticorrosion, for example, ammonium 
bicarbonate, a sodium chloride, or a calcium carbonate may also be contained in an electrode. Heating or 
extraction removes this reagent, it produces an opening, and can improve gaseous diffusion nature. Gaseous 
diffusion nature may suit an application. 
[0055] 

An electrode may contain further at least one solvent used during electrode preparation. However, a solvent 
may evaporate gradually from an electrode. So, the solvent which exists first may not exist in an anaphase. 
A solvent is known in the electrode ink preparation object industry. A polar solvent and alcohol are 
mentioned as an example of a solvent. 
[0056] 

Film The ion conductivity film should offer reinforcement, high ion conductivity, and the good interface 
contact to an electrode. If these functional attributes exist, it will not have membranous structure especially 
for limitation. The strengthening complex film is desirable. 
[0057] 

The film is desirable mainly produced from the mixture of a fault fluorination polymer and fluorination ion 

exchange resin preferably from one or the fluorination polymer beyond it. 

[0058] 

In the desirable embodiment, the film is prepared from the porosity or extension expansion 
polytetrafluoroethylene into which it sinks with ion exchange resin (trademark) (EW may bell 00), for 
example, a sulfonation fault fluorination ionomer, for example, Nafion. The same ionomer (trademark) 
(Asahi Glass), for example, the deflection myon, may be used. The open hole volume [ all (> 90%) 
substantially ] may sink in so that a high Gurley number (> 10,000 seconds) may be offered. The sinking-in 
film is indicated by U.S. Pat. No. 5,547,551, No. 5,635,041, and No. 5,599,614 (Bahar etc.) (these written 
contents are included by reference in this specification). These patents indicate the description of the trial 
technique and the film. 
[0059] 

The film may be prepared by use of the microporous base material made according to instruction of U.S. 
Pat. No. 3,593,566 (these written contents are included by reference in this specification). The basis is 
available from W.L.Gore and Associate and Inc. (Elkton, MD) with various gestalten. Such a base material 
has larger porosity than 35%. Preferably, porosity is about 70% - 95%. The porous fine structure may 
include the vibrant tune in which a link is carried out by (i) fibril, or (ii) fibril. 
[0060] 

The average pole diameter about a base material may be about 0.05 microns - about 0.4 microns. Pore- 
volume-distribution values may be about 1 .05 - abbreviation 1 .20. Pole diameter measurement is made by 
Coulter Electronics and Coulter Porometer (trademark) made from Inc. (Hialeah, FI). Coulter Porometer is 
an instrument which offers the automatic measure of the pore volume distribution in a porous medium using 
the liquid displacement method indicated by 1298-89 with a sufficient ASTM criterion. Porometer increases 
a sample absentminded atmospheric pressure and decides the pore volume distribution of a sample by 
measuring the flow produced as a result. This distribution is the measured value of membranous 
homogeneous extent (that is, ****** means that there is almost no difference between the minimum pole 
diameter and a maximum pole diameter). Porometer also calculates an average style pole diameter. By 
definition, the one half of the liquid flow which passes along a filter is produced through the hole of on this 
path or the bottom. 
[0061] 

A high Gurley number is desirable about the film, A Gurley airstream trial measures the time amount 
(second) in which the air of 1 00 cc passes along the sample of a 1 square inch by Gurley Densometer 
(ASTM D 726-58) with the water pressure of 4.88 inches. A sample is placed between stationary plates. 
Next, a cylinder is taken down calmly. The time amount (second) taken to transpose the aforementioned 
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specific volume to a cylinder is recorded using an automatic timer (or stop watch). This time amount is a 
Gurley number. Although the Frazier airstream trial is the same, or most is very thin, it is used for the film 
of patency. An exam reports the flow rate (foot 3/matter of the /foot 2) of the matter in 0.5 inch water 
pressure. 
[0062] 

Preferably, although bipolar membrane is larger than about 3 microns, it is thinness which has still more 
preferably less than about 50 microns of less than about 75 microns of thickness which is less than about 30 
microns still more preferably. Less than [ about 20 microns and it ] is the most desirable. Thickness may be 
decided by use of a snap gage like Johannes Kafer Co.Model No.Fl 000/302. Measured value is taken in at 
least 4 fields of each specimen. 
[0063] 

Furthermore, the film should have high ionic conductivity and a desirable still more desirable larger, larger 
value [ than about 8.5 mhos/cm2 ] than about 22 mhos/cm2. Ionic conductivity may be examined using a 
Palico 9100-2 mold trial system. This trial system consisted of the bath of the one-mol sulfuric acid held at 
25-degree C constant temperature. Having been sunk during the bath were four probes used in order to 
impose a current and to measure an electrical potential difference with a "standard Kelvin" 4 end measuring 
method. The equipment which can hold an eliminator like the sample film examined was placed between 
probes. First, without following an eliminator on a proper place, the square wave current signal was 
introduced during the bath, and the square wave electrical potential difference produced as a result was 
measured. This offered the index of resistance of an acid bath. Next, the sample film was put in into the film 
supporting structure, and the secondary square wave current signal was introduced during the bath. The 
square wave electrical potential difference produced as a result was measured between probes. This is the 
measured value of resistance for the film and a bath. The resistance by the film independent became clear by 
deducting this numeric value from a primary signal value. 
[0064] 

the 1 side of a basic porosity substrate, or both sides — the solution of an ion conductivity polymer — 
repeating — a contact ** cell — sinking-in bipolar membrane can be prepared by things. It can sink in using a 
surfactant. It uses for removing a solvent, performing heating, and combining or fixing an ion conductivity 
polymer in a basic substrate in each sinking-in phase. 
[0065] 

A cascade screen can be used. For example, a cascade screen cannot hardly have a problem accompanying a 
pinhole. The film may contain a catalyst metal, for example, platinum, and a metallic oxide, for example, a 
silica. 
[0066] 

As desirable film, a known thing is especially mentioned as W.L.Gore and Associates and available GORE- 
SELECT (trademark) from Inc. (Elkton, MD). 
[0067] 

A merge of an electrode and the film; interface field The important advantage of this invention is to avoid 
the difficulty of a thin film being merged to an electrode by conventional approach like hot working. Film 
loss may take place in connection with hot working. Electrode-film combination suits mechanically and 
electrochemically. 
[0068] 

An electrode is contacted with the film and forms an interface field. In an interface field, both the film and 
an electrode can affect the activity produced to the field. Generally this interface field is a flat surface 
substantially like the film and an electrode, not expecting the output of a fuel cell preferably in this interface 
field - and the band which is the second layer or coating of a metal [ activity / in catalyst ] improved 
substantially exists. Since a mating face may have flexibility, heterogeneity, porosity, and surface rough 
nature, the interface field is not necessarily completely homogeneous. Furthermore, before an electrode 
surface contacts a membranous ion conductivity polymer, an ion conductivity polymer may exist on the 
surface of an electrode. A union or fusion of two ion conductivity polymers may take place. However, since 
a band is conductivity like an electrode, the band of the second metal [ activity / in catalyst ] is more nearly 
related than a film side from the electrode side of an interface generally. Nevertheless, to relate some of 
bands with the film similarly is considered by the process in which in some cases it is used in order to 
generate the band of an interface and the second metal [ activity / in catalyst ]. 
[0069] 

A film-electrode interface field may have effect conveniently done by sinking in an electrode by ion 
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conductivity resin before combination with the film of an electrode further, after the band of the second 
metal [ activity / in catalyst ] incorporates. This ** Singh is useful to improving three-phase-circuit contact 
of the ion conductivity matter, the catalyst matter, and the conductive matter. 
[0070] 

MEA which shows output increase the band of the second metal [ activity / in catalyst ] in an interface field 
~ incorporating — as compared with the contrast MEA without the band of the second metal [ activity / in 
catalyst ], increase of a ratio with a still larger output (p=lxV) of the current density (mA/cm2) in the 
predetermined electrical potential difference (for example, 0.6 V) about a polarization curve may be 
produced. Increase of this percentage may be the height beyond 40% or it still more preferably 30% 
preferably 20% or more than it. In some cases, the amelioration exceeding 90% was observed. 
[0071] 

Unexpected more large percent increase may be found out about a thinner band. So, the important advantage 
of this invention is that high percent power increase may be observed with installation of only the thin 
catalyst film, and R ratio may be defined as follows. : Increase % / band thickness in current density (A) 
(Current density is measured by 0.6 V by the polarization curve under stationary conditions among a 
formula) . About 60 degrees C - about 80 degrees C of cell temperature should be about 65 degrees C 
preferably. For example, when the increase of 33% is found out about vacuum evaporationo of a 50A layer, 
this R ratio is about 0.7 (refer to the example of an operation). Similarly, when the increase of 46% is found 
out about vacuum evaporationo of a 50A layer, this R ratio is about 0.9. When the increase of 113% is found 
out concerning 5A coating also unexpectedly, R is larger than 22 (22.6). so, larger as a surprising 
description of this invention than 0.5 - preferably larger than 1 - larger still more preferably than 5 - larger 
still more preferably than 1 0 - it is even still more preferably larger than 20 — a certain R value is 
mentioned. When it is necessary to suit the application of congratulation specification by request, an R value 
may be less than 30 preferably less than 50. 
[0072] 

Band thickness and restoration The thickness of the band of the second metal [ activity / in catalyst ] which 
expresses appropriate average thickness statistically may be measured by the statistics target known in this 
industry by the clear approach, as these examples, direct and an indirect (or — low — direct) measuring 
method are mentioned. The direct method using the sample of a collection component may be used in order 
to corroborate the thickness at the time of measuring by the indirect approach used during generation. The 
direct approach may include cross-section analysis of the structure after the combination of an electrode and 
the film. The indirect (or direct fewer) approach includes the knowledge of a generation method, for 
example, includes use of the microbalance accompanied by use of a known evaporation rate and vacuum 
evaporationo time amount (for example, the vacuum evaporationo for 50 seconds produces the average 
thickness of about 50A in the evaporation rate of 1 A/second). A standard (Witness) slide is used, a 
calibration curve is established, and it can be useful to decision of thickness. As the other approaches, a 
scanning electron microscope, a transmission electron microscope, atomic absorption, and mass analysis 
technique are mentioned. If many approaches are used by request, it corroborates that desirable band 
thickness exists and it is, the effect of the processing processing exerted on the thickness about a 
predetermined system may be decided. 
[0073] 

generally — the band of the second metal [ activity / in catalyst ] — essential — the metal of one class — an 
implication — or — and the case where it changes — band thickness — about 3A - about 475A — especially, 
about 5 A - about 250A may be about 5A - about 50A further especially. Generally, larger thickness than 
about 475 A reduces layer homogeneity, and, probably can intercept ******. However, extent by which 
diffusion is intercepted is obtained according to the structure of a band. 
[0074] 

generally - the band of the second metal [ activity / in catalyst ] — essential ~ the metal of at least two 
classes — an implication — or — and the case where it changes — band thickness — relative ~ more — thick — 
for example, about 3 A - about 5,000A - especially, about 50A - about 1,500A may be about 150A - about 
500A further especially. 
[0075] 

Especially especially as an example of restoration.of the band of second at least one metal [ activity / in 
catalyst ], or surface restoration, about 0.005 mg/cm2 - about 0.02 mg/cm2 are mentioned to about 0.0006 
mg/cm2 - about 0.12 mg/cm2 especially about 0.0007 mg/cm2 - about 0.09 mg/cm2, and a pan at 0.001 
mg/cm2 - about 0.05 mg/cm2, and a pan. 
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[0076] 

Generally, when the band of the second metal [ activity / in catalyst ] contains at least two metals, large 
thickness and high restoration may be needed relatively [ the second metal / activity / in catalyst ]. the range 
of thickness - for example, 3 A - 50A - 1,500A 5,000A may be 150A - 500A further especially especially. 
Especially restoration range may be 0.02 mg/cm2 - about 0.3 mg/cm2 at about 0.001 mg/cm2 - about 0.7 
mg/cm2 especially 0.01 mg/cm2 - about 0.4 mg/cm2, and a pan. 
[0077] 

The thickness and restoration which offer the optimal combination of a property generally are desirable, and 

obtain this by the specific application. 

[0078] 

The vacuum evaporationo approach As the typical vacuum evaporationo approach, chemical vacuum 
deposition, a physical vapor deposition or heat vacuum evaporationo, cathode arc vacuum evaporationo, ion 
sputtering, and ion beam auxiliary vacuum evaporationo (IBAD) are mentioned. The approach of a low 
vacuum / convection-current base of requiring a low vacuum is jet vacuum evaporationo (JVD). 
Contamination of a film may be made into the minimum, holding good control of the thickness of a film, 
and the whole homogeneity, since an ingredient is vapor-deposited in a vacuum (typically 13.3 mPa or 
under 1 x 10-4 torr). The vacuum evaporationo on a large field may be attained by 2 reel round trip types or 
the web coating method. These, and other vacuum evaporationo techniques especially magnetron sputtering 
and a physical vapor deposition are used for this invention. 
[0079] 

An electron beam-physical vapor deposition (EB-PVD) is used most preferably. An evaporation rate may be 

the range of 0.1 A/second - 1 OA/second. Heating of a substrate may be limited when required. 

[0080] 

Furthermore, a vacuum is not needed, for example, the vacuum evaporationo approach like combustion 
chemical vacuum deposition (CCVD) may be used. Although wet chemical vapor deposition may be used, it 
is not desirable. 
[0081] 

The structure or the gestalt of a band which second at least one metal [ activity / in catalyst ] vapor- 
deposited is acquired by restoration of a substrate, the vacuum evaporationo approach, and the second metal 
[ activity / in catalyst ]. Structure may be analyzed by for example, the field emission scanning electron 
microscope (FE-SEM). This analysis shows the thing of the second metal [ activity / in catalyst ] for which a 
uniform band is formed relatively. This substantial homogeneity exists regardless of the class of existing 
film gestalt. Generally, spatter vacuum evaporationo can offer a heat evaporation method, for example, a 
band denser than EB-PVD. Generally, an EB-PVD band shows a more advanced surface organization. The 
outstanding power amelioration which the theory and the detailed structure of this invention were not fully 
understood, but was found out in this specification may be for the surface organization where an eye is 
coarse relatively. The granularity of this eye can offer much surface area, for example from that for good 
reagin transportation and a reaction. 
[0082] 

For example, the measurable increase with small however electric- field brightness can be relatively 
specified in comparison with the 5 A contrast electrode with which FE-SEM analysis of an electrode does 
not have a vacuum evaporationo band in thin band thickness. Uniform vacuum evaporationo was observed 
unexpectedly and relatively. For example, by the thick thickness of 50A, FE-SEM analysis can specify 
about 25 diameter nm - about 100 nm especially about 30 nm - about 70 nm, and a globular form vibrant 
tune on the real target of the vacuum evaporationo metal of about 50 nm further especially. For example, 
especially as for FE-SEM analysis, a rod specifies about 20 nm - about 60 nm, and the rod configuration 
structure that has the diameter of about 40 nm especially even for the larger thickness of 500A in about 20 
nm - about 100 nm, and the pan other than a substantial globular form vibrant tune. The die length of a rod 
may change. A whisker or a pilliform gestalt may be generated. 
[0083] 

Explanation of the second embodiment: Poisoning reduction In the embodiment of aforementioned this 
invention, both the first and the second metal [ activity / in catalyst ] were indicated as a part of membrane 
electrode combination. In these embodiments, the second metal [ activity / in catalyst ] beyond one or it is 
preferably vapor-deposited by vacuum evaporationo as a metal band of a film-electrode interface field. This 
band is separate from the first metal [ activity / in catalyst ] beyond one which is some electrodes, or it. 
Collectively, these embodiments are called "the first embodiment" for this adaptation, and include the 
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embodiment which does not have all the metals [ activity / in catalyst / electrode ] in the band of the second 

catalyst. 

[0084] 

However, in the alternative-like embodiment indicated here, the electrode of film-electrode combination 
does not contain the first metal [ activity / in catalyst ] substantially, but contains at least two different 
metals [ activity / in catalyst ] which is useful to the band of the second metal [ activity / in catalyst ] 
improving the resistance over poisoning. So, it mainly concerns and all catalytic activity is essentially from 
a band preferably, for the purpose detail in the letter [ this ], these alternative-like embodiments in which an 
electrode does not contain the first metal [ activity / in catalyst ] substantially are collectively called "the 
second embodiment", and are further explained below by this detail in the letter. 
[0085] 

In the second embodiment, the amount of the first metal [ activity / in catalyst ] is preferably made into the 
minimum so that an electrode may not contain the first metal [ activity / in catalyst ] substantially and may 
not contain it on the whole preferably substantially. The catalyst-restoration for the first metal [ activity / in 
catalyst ] may be less than two about 0.001 mg/cm still more preferably less than two about 0.01 mg/cm 
preferably less than two about 0.1 mg/cm especially in the second embodiment. This minimization of the 
amount of the first metal [ activity / in catalyst ] is especially desirable when only the first one metal 
[ activity / in catalyst ] exists (for example, only platinum exists). In this case, when the amount of the first 
metal [ activity / in catalyst ] is not minimized, a metal expensive for poisoning may be wasted. 
[0086] 

In the second embodiment, the conductive gas diffusion electrode which does not have a catalyst in essence 
may be used as a substrate for vacuum evaporationo of the band of second at least two metal [ activity / in 
catalyst ]. This non-catalyst-ized electrode may include the hydrophobic binder for for example, a 
conductive carbon particle and a particle, a hydrophobic binder — for example, a fluorination polymer — it 
may be a fault fluorination polymer, for example, polytetrafluoroethylene, preferably. An example of a non- 
catalyst-ized gas diffusion electrode may be found out by the non-catalyst-ized gas diffusion electrode or 
medium of ELAT (trademark) series (available from E-TEK, Inc., Natick, and Mass). About 1 micron 
(0.001 mm) - about 1,000 microns (1 mm) further especially of thickness of the electrode before vacuum 
evaporationo of the second metal [ activity / in catalyst ] may be about 250 microns (0.250 mm) - about 750 
microns (0.750 mm), for example. Relatively, the combination of a thin electrode component may be used in 
order to form thicker electrode structure. As mentioned above, fibrillation or extension expansion 
polytetrafluoroethylene may be used in order to carry out fabricating of the electrode. 
[0087] 

In the second embodiment, further especially the thickness of the band which includes second at least two 
metal [ activity / in catalyst ] may be about 150A - about 500A 3 A - about 5,000A of abbreviation, and 50A 
- about 1,500A of abbreviation. About the cathode, band thickness should be at least 500A, and, on the other 
hand, band thickness may be less than 500A about an anode. 
[0088] 

In the second embodiment, especially band restoration may be 0.02 mg/cm2 - about 0.3 mg/cm2 at about 

0.001 mg/cm2 - about 0.7 mg/cm2 especially 0.01 mg/cm2 - about 0.4 mg/cm2, and a pan. 

[0089] 

A band may include at least two metals [ activity / in catalyst ] which may be alloyed in part at least and 
which are alloyed especially substantially. Many alloy phases may exist and the mixture of alloying and a 
non-alloying phase may also exist. Alloying may be detected by X-ray diffraction (XRD) analysis of a 
metal, although it may furthermore be detected by X-ray-photoelectron-spectroscopy (XPS) analysis — 
however - generally — XPS - although law is not so desirable for detection of alloying since it reflects 
surface analysis — on the other hand — XRD — law reflects bulk analysis. XRD may be beneficially used, 
also in order to detect the degree of crystallinity in the band of the second metal [ activity / in catalyst ]. 
Probably, the ** method may be used in order to carry out the probe of the structure (for example, bulk pair 
surface structure) of a vacuum evaporationo band. 
[0090] 

Vacuum deposition is described above in explanation of the first embodiment, and sputtering and heat 
evaporation are mentioned as the example. In a multi-metal physical vapor deposition, for example, an 
electron beam physical vapor deposition, the source of a metal where about 99.9 mass % platinum and a 
99.9 mass % ruthenium are separate evaporates. Preferably, about the 2 metal mixture of these metals, the 
atomic ratio of each metal is about 1:1. Coincidence or serial physical vapor deposition may be used. Two 
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different sources of supply are used, and it evaporates in coincidence together, and a steamy constituent is 
controlled by coincidence vacuum evaporationo by the relative boil off rate of each source of supply. 
Serially, by vacuum evaporationo, each metal evaporates from the source of supply separately by the toggle 
Mr. method, and is vapor-deposited on a selection substrate by the mutual thin layer. Metaled alloying can 
encounter, when a layer is thin enough. Furthermore, ion bombardment processing (IBAD), for example, ion 
beam auxiliary vacuum evaporationo, may be used for an encounter ** cell sake in alloying. Generally, 
coincidence vacuum evaporationo is desirable. 
[0091] 

In the another embodiment, the band of the second metal [ activity / in catalyst ] can be vapor-deposited 
using the sputtering method, for example, multi-target dc sputtering. A band may contain for example, the 
platinum alloy of 3 yuan. 
[0092] 

The amelioration in the membrane electrode assembly engine performance may be detected by migration of 
initiation of substantial electrode polarization to current density higher than (i), and reduction of the 
potential to which (ii) fuel mixture can oxidize at effectiveness in spite of existence of an impurity like CO. 
The comparative poisoning-proof sex test may be performed by comparing the engine performance between 
the samples whose only differences are the presentations of the band of a vacuum evaporationo metal. 
Although this includes specific explanation of the second embodiment in this paragraph, the further 
explanation including engine-performance explanation is shown in the term of an example. 
[0093] 

MEA and the fuel cell collecting method The half cell which incorporates a band, or MEA can be collected 
using some approaches. In explanation of these approaches, an assembly component contains an electrode 
and the film. A band may be vapor-deposited on an assembly component directly or indirectly. In direct 
vacuum evaporationo, a band is directly vapor-deposited as a part of MEA assembly on an electrode, the 
film, or both, however, in indirect vacuum evaporationo, a band is first vapor-deposited not on an assembly 
component but on a substrate — having — a degree — a band — the assembly component from a substrate — it 
is preferably moved to the film. Although especially a substrate is not limited, it may be the flake-ized 
polytetrafluoroethylene which enables easy migration and preservation of for example, a low surface energy 
base material, for example, a band. 
[0094] 

A fuel cell and a stack can be collected using still more nearly another constituent and conventional 
approach. For example, as a gaseous diffusion medium, ELAT (trademark) gaseous diffusion intermediation 
(available from E-TEK, Inc., Natik, and Mass) and a CARBEL(trademark) CL gas dispersion medium (W. 
available from L.Gore and Associates, Inc., Elkton, and MD) are mentioned, for example. The catalyst of 
the gaseous diffusion medium is carried out by request using one or the metal beyond it, for example, noble 
metals, for example, platinum, and it can improve the engine performance. For example, catalyst processing 
of a gaseous diffusion medium can improve a reaction like the reaction which activates a different-species 
catalysis, for example, is made to carry out the water-gas water gas shift reaction of the (i) carbon monoxide 
to water, and generates a carbon dioxide and hydrogen, and the reaction which is made to carry out the 
alternative oxidation reaction of the (ii) carbon monoxide and the oxygen, and generates a carbon dioxide. 
Furthermore, a catalyst can offer the absorption part for capturing the carbon monoxide produced from a 
poisoning fuel like reformate. The catalyst of the gaseous diffusion medium may be carried out by vacuum 
deposition like a physical vapor deposition. Furthermore, the fuel cell gasket made from GORE-TEX 
(trademark) (W. available from L.Gore and Associates and Inc.) may be used, for example. Especially this 
invention is not necessarily limited by these additional constituents and approaches. 
[0095] 

Known MEA is also available from W.L.Gore and Associates and Inc. (Elkton, MD) as PRIMEA 

(trademark) (for example, 5000 and 5510 series is included). 

[0096] 

A typical application and engine performance This invention is multiple-purpose nature and may be used for 
various applications. : which gives the example to below — vehicle for conveyance which has requirements 
including (i) high power consistency and low cost, for example, passenger car, truck, and bus; (ii) — 
efficient, quiescence power application; for which a longevity life is needed and (iii) a portable power 
application, for example, portable television, a fan, and other consumption products. The approach for using 
a ftiel cell for these applications is known. 
[0097] 
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ME A of this invention can provide an unexpected thing with larger catalyst **** activity than 5,000 rnA per 
metal 1 mg [ activity / in catalyst ] per [ than 2,500 mA / larger ] metal 1 mg [ desirable and activity / in 
catalyst ]. Especially on this catalyst **** activity level, when poisoning-proof nature also exists, activation 
of commercialization is attained. The band of the second metal [ activity / in catalyst ] does not correct 
important requirements for commercial consideration like the existing water balance. So, MEA of this 
invention may be operated under the same temperature and humidification conditions. 
[0098] 

Finally, still more nearly another fuel cell technique is indicated in the bibliography quoted by the 
background of invention, and the following bibliographies (these written contents). By reference It is 
contained in this specification. : (i)"High performance proton exchange membrane fuel cells with sputter- 
deposited Pt layer electordes", Hirano et al.; Electrochimica Acta, vol.42, No. 10, and pp. 1587- 1593(1 997); 
(ii)"Effect of sputtered film of platinum on low platinum loadingelectrodes on electrode kinetics of oxygen 
reduction in proton exchange membrane fuel cells" and Mukeijee et al.; Electrochimica Acta, vol.38, and 
No.12, pp.l661-1669(1993);(iii)"Sputtered fuel cell electrodes", Weber et al.; J.Electrochem.Soc. and June 
1987, pp. 141 6- 141 9; and (iv)" Anodic oxidation of methanol ata gold modified platinum electrocatalyst 
prepared by RF sputtering on a glassy carbon support", Electrochimica Acta, Vol.36, No.5/6, pp.947-951, 
1991. 
[0099] 

Although the following examples explain this invention further, this invention is not limited to these. 
[0100] 

Example The general technique In each example, unless it wrote in a separate paragraph, the ion 
conductivity film (proton exchange film, PEM) was about 20 microns in thickness. The film was full 
sinking-in film which has the high Gurley number (> 10,000 seconds) and high ionic conductivity which 
were prepared by sinking in extension expansion polytetrafluoroethylene with fault fluorination sulfonic 
acid type resin (FLEMION (trademark), EW950) as indicated by U.S. Pat. No. 5,547,551, No. 5,635,041, 
and No. 5,599,614 (Bahar etc.) (these written contents are included by reference in this specification), the 
film is called GORE-SELECT (trademark) ~ it is available from W.L.Gore and Associates and Inc. (Elkton 
MD). 
[0101] 

Unless it wrote in a separate paragraph, the electrode containing the first metal [ activity / in catalyst ] was 
prepared like the above about Technique A, and produced target metal restoration. An electrode includes Pt, 
ion conductivity polymer, and solvent which were supported on carbon. The electrode had the platinum 
restoration which is the range of 0.05 mgPt/cm2 - 0.4 mgPt/cm2. 
[0102] 

In the following examples 2 and 4, the band of the second metal [ activity / in catalyst ] was covered or 
vapor-deposited on the electrode or the membranous substrate by the electron beam physical vapor 
deposition (EB-PVD). Although the substrate which is 6 in x 6 in typically was carried on the four-point 
electrode-holder circular conveyor in vacuum areole by this technique, each electrode holder was carried on 
the revolving shaft here, and that each was pivotable in the perimeter of the main shaft of a rotation 
conveyor. The platinum target was prepared by fusing the platinum coin of 99.95% of purity, and re-cooling 
after that in the 2 in.x 2 in. crucible in vacuum areole (diameter 1 .5 m, die-length 2 m). The crucible was 
also placed into vacuum areole. Next, areole were exhausted using the diffusion pump under to 10-4 torr 
(for example, 5x10-5 torr). Next, the electron beam was used for heating, the platinum target was 
evaporated, and platinum was made to condense on a substrate, the both revolving shafts perimeter of the 
electrode holder under vacuum evaporationo - a sample — a rotation ** cell — the area homogeneity of 
vacuum evaporationo coating was guaranteed by things. The amount of the vapor-deposited platinum band 
was measured using an oscillating crystal microbalance, a measuring curve, an evaporation rate, and time 
amount. Band thickness and a fill were calculated. 
[0103] 

After the following reached example 1-3 and MEA reached the steady state in 5, 1-V measured value was 

obtained. 

[0104] 

The area of the cathode which contacts the film in each example, and an anode was substantially the same. 

However, such area does not need to be the same when carrying out this invention. 

[0105] 

Unless it wrote in a separate paragraph, the MEA trial was performed using pressing; in 25 cm2 electrode 
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activity area;ELAT (trademark) gaseous diffusion medium (available from E-TEK, Inc., Natick, and 
MA);200 lb in/bolt torque, and a GLOBE TECH (trademark) computer control fuel cell assay place. It was 
thought that a gaseous diffusion medium contained about 70% of graphite cloth and 30% of 
polytetrafluoroethylene. Eye pressing compensated compression of MEA to flowing space and a diffiiser. 
[0106] 

The catalyst and the electrode layer were supported to the polytetrafluoroethylene flesh-side ground, and it 
was made to move to the film from lining cloth with the replica method using compression between heat. 
Unless it wrote in a separate paragraph, compression between heat was performed for 3 minutes at 160 
degrees C by 15 ton restoration. Lining cloth is removed after that, an enveloping layer (an unit or plurality) 
is combined with the 1 side of the film, and it was kept placed in the center. 
[0107] 

Unless it wrote in a separate paragraph, except for the point that z inclination band does not exist in Contrast 

MEA, Contrast MEA was substantially [ as MEA of this invention ] the same. 

[0108] 

Example 1 An example 1 explains the indirect method which vapor-deposits the second metal [ activity / in 

catalyst ] on a substrate first before the migration to the film or an electrode from a substrate. 

[0109] 

50A platinum coating band (0.01 mg/cm2) was vapor-deposited in a second in 1 A /to the flake-ized PTFE 
substrate flesh-side ground by EB-PVD. Next, a catalyst band is moved on the film with a replica method, 
50A catalyst band is combined with the 1 side of the film, and it was kept placed in the center. The area of 
the film classified according to a translatability catalyst is activity area. The replica method was used for the 
wrap sake for activity area, and the catalyst addition electrode (0.3 mgPt/cm2) was made to adhere to each 
** of the catalyst addition film. Therefore, the 1 side of MEA had z inclination band of platinum in the 
film / electrode interface. 
[0110] 

25 The preparation MEA which has the activity area of cm2 was respectively put in between the gaskets in a 
25 cm2 activity area fuel cell trial fixture or a cell. It has arranged the electrode containing z inclination 
band towards the direction of a cascade in contact with an oxidant (air). Next, the trial fixture was attached 
in the fuel cell examination site for data capture. 
[0111] 

0 The MEA engine performance was evaluated using ****** i n psig and 15 psig. 0 About psig cell ****** f 
the cell was operated at 60 degrees C using the hydrogen and air which were humidified at the dew-point 
(20 degrees C and 55 degrees C), respectively. 15 Concerning [ both ] psig cell ******, it supplied by 15 
psig and the cell was operated at 75 degrees C using the hydrogen and air which were humidified at the 
dew-point (30 degrees C and 70 degrees C). Hydrogen and the air rate of flow were set up 2 of the 
stoichiometry value needed for a theoretical target producing a predetermined cell current output, and 3.5 
times. 
[0112] 

Drawing 5 shows the fuel cell output voltage in the various current outputs about MEA in 0 psig. As 
compared with the same contrast MEA, the engine performance which was excellent in MEA of this 
invention was substantially observed except having not contained z inclination catalyst bed. For example, at 
0.6 V, MEA of this invention produced about 1200 mA/cm2 to having been only about 820 mA/cm2 in 
reference (increase of 46%). 
[0113] 

Similarly, drawing 6 shows the data about 1 5 psig cells. Furthermore, polarization analysis covered the 
current density of all range, and showed the engine-performance improvement. For example, in 0.6 V, 
although it is substantially the same, about the contrast MEA which does not contain z inclination cathode, 
MEA containing z inclination cathode produces about 1600 mA/cm2 to having been only about 1200 
mA/cm2 (increase of 33%). power flux density is also plotted by drawing 6 — **** (p=IxV) ~ the power- 
flux-density improvement was also distinct. 
[0114] 

Drawing 7 shows the electrode catalyst **** activity analysis of 15 psig cells. Mass activity is the amount 
(or generated alternating current power) of the current produced in per unit mass of the catalyst metal in an 
active region. So, a mass activity unit is Ptl mg for mA / current generation (namely, Ptl mg for mW / 
power generation). 0.6 In V, MEA which has z inclination cathode as compared with having been only 
about 2,000 mA/mgPt about the contrast MEA which does not contain z inclination cathode although it is 
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substantially the same produced the value exceeding 2,500 mA/mgPt also unexpectedly (namely, increase of 

25%). 

[0115] 

As for drawing 8 , z inclination catalyst band shows from a cathode the data about MEA in 0 psig which 
were some anodes, an improvement of the engine performance concerning [ polarization analysis ] z 
inclination anode also unexpectedly — having shown clearly (it being an increase of 12% at 0.6 V) — 
however, the improvement was not large the same forge fire as the thing about MEA which has z inclination 
cathode. 
[0116] 

Example 2 At this example, direct vacuum evaporationo of the band on an electrode was performed by two 
band thickness. Vacuum evaporationo was performed by EB-PVD. The catalyst addition electrode which 
has z inclination vapor-deposited on it had restoration of 0.1 mgPt/cm2 before vacuum evaporationo. About 
one sample, the evaporation rate attained 50A band in a second in 0.2-0.3A /(0.01 mgPt/cm2). The second 
electrode was covered with 0.1 A/second in rate, and 5A band was attained (0.01 mgPt/cm2). About both 
samples, the electrode (anode) containing the platinum of 0.05 mg/cm2 was used. 
[0117] 

0 The MEA engine performance was further evaluated using ****** in psig and 15 psig. About all 
experiments, it supplied by both 0 psig(s) and the cell was operated at 65 degrees C using the hydrogen and 
air which were humidified at the 60-degree C dew-point. Hydrogen and the air rate of flow were set up 1.2 
of the stoichiometry value needed for a theoretical target producing a predetermined cell current output, 
respectively, and 3.5 times. 

[0118] 

Drawing 9 shows the power output amelioration by 0 psig. The improvement of (the increase of 92%) from 
240 mA/cm2 about Contrast MEA to 460 mA/cm2 about (i) 50A vacuum evaporationo, (the increase of 
113%) to 510 mA/cm2 about (ii) 5 A vacuum evaporationo, and the current density in 0.6 V was observed. 
Increase % in this electrical potential difference that offered lower restoration (thin vacuum evaporationo) 
unexpectedly was large. 
[0119] 

Drawing 10 shows the fuel cell engine performance in 1 5 psig ****** converted into both the current 
density and power flux density about 5A sample. Data showed the increase to 440 to 860 mA/cm2 of the 
current density in 0.6 V (increase of 95%), and were accompanied by substantial increase of peak power 
flux density, drawing 1010 ~ 1 5 — the polarizability ability as compensation cell potential to the current 
density in psig is also shown. When it converts into compensation potential and a polarization curve is 
expressed, the electrode catalyst engine performance of z inclination cathode is independently indicated to 
be an operation of other MEA constituents. By the comparison of compensation potential, drawing 10 
showed that amelioration of the MEA engine performance was not from some of other false secondary 
actions by amelioration (it originates in z inclination layer) of the cathode engine performance. 
[0120] 

Drawing 1 1 shows the corresponding improvement in the electrode catalyst **** activity and the specific 
power in 1 5 psig. Observed strengthening in electrode catalyst use was proportional to strengthening of a 
current/power flux density. 
[0121] 

% increase of the current also unexpectedly found out by 0.6 V was intentionally high in the example 2 as 
compared with the example 1 . Furthermore, MEA of an example 2 had noble metals fewer than MEA of an 
example 1. 
[0122] 

Example 3 This example explains DC magnetron sputtering in comparison with EB-PVD. The electrode 
(0.4 mgPt/cm2) of the flake-ized PTFE flesh-side ground was covered with DC magnetron sputtering. 
Thickness 0.127 mm and the platinum foil of 99.9% of purity were offered as a target, and vacuum cubicle 
pressure was held to 8 x 10-4 torr. Especially, the vacuum of under 10-4 torr was established, then, the high 
grade argon was blended into it, and ** was raised to 8 x 10-4 torr. The platinum evaporation rate was about 

1 A/second succeedingly until it attained platinum restoration (50A) of 0.01 mg/cm2. This spatter processing 
electrode was used as a cathode. The non-spatter-ized electrode (0.4 mgPt/cm2) was offered as an anode. 
[0123] 

0 The MEA engine performance was evaluated using ****** in psig and 15 psig. 0 Concerning [ both ] psig 
cell ****** 9 it supplied by 0 psig and the cell was operated at 70 degrees C using the hydrogen and air 
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which were humidified at the dew-point (55 degrees C and 70 degrees C), respectively. 15 psig cell ****** 
was carried out at the cell temperature of 80 degrees C, and both hydrogen and air were supplied by 15 psig, 
and were humidified at the dew-point (60 degrees C and 75 degrees C), respectively. Hydrogen and the air 
rate of flow were set up 2 of a stoichiometry value, and 3.5 times about all experiments, respectively. 
[0124] 

Drawing 12 shows that an improvement (increase of 28%) of the current density from 820 mA/cm2 about 
Contrast MEA to 1050 mA/cm2 about the spatter-ized z inclination MEA is accepted about 0 psig in 0.6 V. 
Drawing 13 shows the fuel cell engine performance in 15 psig ******. About a spatter-ized cathode, an 
improvement (increase of 13%) of the current density from 1200 mA/cm2 (contrast MEA) to 1360 mA/cm2 
about a spatter-ized cathode is accepted. So, although the increase of % in an example 3 was observed in the 
example 2, it was not [ like ] large. 
[0125] 

Example 4 The film was covered with platinum using EB-PVD and DC magnetron sputtering, the 
restoration about a different sample 0.001 and 0. - they were 01, 0.05, and 0.1 mgPt/cm2. The 1 side of 
the film was covered. MEA was prepared from the covering film. 
[0126] 

Example 5 By the indirect transferring method, the band (50A) of the second metal [ activity / in catalyst ] 
was vapor-deposited on the film. The heat and pressure of Pt / the flake-ized PTEF were carried out to the 
film, and Pt evaporation layer was combined with the film with the replica method. It left the band of 50APt 
layer which removed the flake-ized ** TFE layer, therefore was combined with the film. Next, a catalyst 
addition electrode (0.3 mgPt/cm2) is made to adhere by compression between heat, and the first MEA is 
formed. 
[0127] 

The cathode activity phase was electrode structure just formed of thin 50APt layer combined with the film. 

The anode had restoration of 0.2 mgPt/cm2. 

[0128] 

0 psig ****** estimated polarizability ability. The atmospheric-pressure experiment which has both an 
anode in 0/0 psig and a cathode, respectively was conducted at 60-degree-C cell temperature using the 
hydrogen and air reagin which saturated relative humidity about 100% in the humidification bottle. Next, an 
anode, hydrogen and a cathode, air, and reagin were saturated with 20/60 degree C, respectively. The reagin 
style was set up by 2/3.5 time the stoichiometry value about hydrogen and air, respectively, and 
stoichiometric flow was held by the whole polarization curve. 
[0129] 

Drawing 14 shows the engine performance of primary and secondary MEA. Although low activity [ in / 
difference / of the engine performance observed between two MEA(s) / by this low restoration / in 50A 
layer / itself] is shown, that existence by the interface between an electrode catalyst bed and the film 
produces a power improvement, and an electrode current consistency profile is improved. 
[0130] 

FE-SEM analysis FE-SEM analysis was performed about three samples ( drawing 16 -18) which have 
different band thickness vapor-deposited on the electrode, concerning the 1 comparison sample ( drawing 
15 ) of the electrode which does not have the existing band. About drawing 15 -18, scale factors were 20Kx 
(es), and electronic beam energy was 2 keV. Analysis showed band vacuum evaporationo of homogeneity 
relatively, and drawing 15 -18 were the typical thing. Generally, the fine structure was shown by the shape 
of a merge spherical vibrant tune, and the whisker gestalt, and the latter was proved by restoration (500A) of 
about 0.1 mg/cm2 ( drawing 1 8 ). 
[0131] 

Drawing 15 was obtained from the sample of the cathode used in the example 2 which has 0. 1 mg/cm2Pt 
restoration and does not have the second metal [ activity / in catalyst ]. The electrode porosity which enables 
reagin diffusion before vacuum evaporationo of the second metal [ activity / in catalyst ] is proved [ drawing 
15]. 
[0132] 

Drawing 16 has 0.1 mg/cm2Pt restoration, however obtained it from the sample of example 2 cathode 
accompanied by 5A band vacuum evaporationo (0.001 mg/cm2) by EB-PVD. The measurable increase with 
small however visual field lightness was clear at drawing 16 as compared with the drawing 15 contrast. 
Although lightness increase was uniform through drawing, this suggests the platinum band vapor-deposited 
by homogeneity. In spite of vacuum evaporationo, the electrode was still porosity and patency to reagin 
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diffusion. 
[0133] 

Drawing 17 has 0. 1 mg/cm2Pt restoration, however obtained it from the sample of example 2 cathode 
accompanied by 50A band vacuum evaporation© (0.01 mg/cm2) by EB-PVD. The further increase of visual 
field lightness was observed in comparison with drawing 16 . Generally the globular form platinum vibrant 
tune existed by about 50 nm by the diameter width of face of about 30 - about 70 nm. In spite of vacuum 
evaporationo, the electrode was still porosity and patency to reagin diffusion. 
[0134] 

Drawing 18 is the same as that of the case of an example 2, however was obtained from the sample of an 
electrode without Pt restoration before vacuum evaporationo. The electrode equipped 500APt band by EB- 
PVD in that case. Furthermore the spherical platinum vibrant tune existed and, generally about 30 nm - 
about 70 nm had the diameter width of face of 50 nm especially in about 25 nm - about 100 nm, and a pan. 
However, the rod configuration structure also existed further. The diameter width of face of these rods was 
about 40 nm at about 20 nm - about 60 nm, and a general target. In spite of vacuum evaporationo, the 
electrode was still porosity and patency to reagin diffusion. 
[0135] 

Data summarization The data from examples 1-5 are summarized below. : [0136] 
[Table 1] 
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[0137] 

Examples 1 -5 show the first embodiment of this invention rather than the second embodiment. In these 
examples, the electrode which has a metal [ activity / in catalyst ] separate from a vacuum evaporationo 
band is used. Further, examples 6 and 7 are not accompanied by use of 2 metal bands, although the first 
embodiment of this invention is explained. 
[0138] 

A catalyst addition electrode available from W.L.Gore & Assoc. under the name of example 6 
PRIMEA5510 (carbon supported on platinum.) 0.4 Restoration was used for mgPt/cm2. Including the 
carbon support Pt, an ionomer, and a solvent, it is arranged on a substrate base material and an electrode is 
Pt/Ru serially. The vacuum evaporationo by EB-PVD was given. Restoration of 2 metal bands was 0.3 
mgPtRu/cm2 (about 50% atomic ratio of Pt and Ru), and vacuum evaporationo band thickness was 1,500A. 
Each of the continuous evaporation layer of platinum and a ruthenium was about 250A (grade restoration / 
layer: 0.05 mg metal / cm2), and when it measured with an oscillating crystal microbalance, it was vapor- 
deposited by 1 A/second in rate. 
[0139] 

XRD analysis of a continuous evaporation vacuum evaporationo band is shown in drawing 19 . Generally 
the adaptation analysis with a diffraction pattern database was in agreement with un-alloying [ Pt ] and 
existence of Ru phase. 
[0140] 
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3 spots / sample was analyzed and XPS analysis which proves homogeneity was also performed. A wide 
span survey XPS spectrum is shown in drawing 20 , the high-resolution XPS spectrum about; platinum field 
(Pt4f transition) is shown in drawing 21 , and the high-resolution XPS spectrum about; and a ruthenium field 
(Ru3d transition) is shown in drawing 22 . The main constituents of a vacuum evaporationo band are Pt and 
Ru, and few constituents are C, O, and F, and, as for analysis ( drawing 20 ) of a wide span spectrum, the 
minute amount constituent corroborated that it was Cu. However, analysis ( drawing 21 and 22) of a high- 
resolution XPS spectrum was in agreement with some existence of alloying, even if few [ between Pt and 
Ru ]. The binding energy (71 .7 eV) measured about Pt transition was intentionally shifted from the forecast 
of 71.0-71.1 based on reference. Furthermore, the binding energy (280.7 eV) measured about Ru transition 
was intentionally shifted from the forecast (279.9 - 280.2 eV) based on the reference about Metal Ru. Data 
were in agreement with existence of the oxide of Ru. 
[0141] 

Example 7 The vacuum evaporationo accompanied by use of IB AD (ion beam auxiliary vacuum 
evaporationo) according to PtRuEB-PVD serially was given to the same catalyst addition electrode as an 
example 6, and mixing of a hand and an evaporation phase was helped to it. Restoration of an evaporation 2 
metal band was 0.1 mgPtRu/cm2 (50%a/a), and the total band thickness was 500A. Each thickness of the 
layer often in a band was 50A, and restoration/layer was 0.01 mg metal / cm2. Ar+- gun was operated by 2 
keV, 40W, and 8 mA beam current using Ar+ beam. When it measured with an oscillating crystal 
microbalance, evaporation rates were 1 A / second. 
[0142] 

The XRD analysis of this continuous evaporation-ized ion beam processing electrode catalyst bed is shown 

in drawing 23 . 

[0143] 

So, examples 1-7 show the first embodiment of this invention. The future additional embodiments 8-14 
show the second embodiment of this invention. In these additional embodiments, vacuum evaporationo of 2 
metal bands was rather performed with the non-catalyst addition electrode from the catalyst addition 
electrode substrate. On the other hand in examples 8-11, the physical vapor deposition was used in the 
examples 12-14 using sputtering. 
[0144] 

Example 8 The ELAT (trademark) gaseous diffusion medium (non-catalyst addition) came to hand from E- 
TEK. Thickness was about 1-/2 mm. The ELAT (trademark) gaseous diffusion medium (non-catalyst 
addition electrode) and the 6 mil flake-ized PTFE sheet were put in into the vacuum areole (diameter 1.5 m, 
die-length 2 m) exhausted to abbreviation <10-4 torr using the diffusion pump. As for the inside of a 
vacuum evaporationo process, mounting and a circular conveyor rotated, and it was useful to this 
guaranteeing catalyst homogeneity. 
[0145] 

DC magnetron sputtering was used as vacuum deposition. A magnetron unit is the source of diameter the 
magnetron sputtering of 6 inches filled up with two catalyst target matter (source of supply) :P It consisted 
of t foil target (thickness 0.127 mm, 99.9% of purity), and Ru foil target (thickness 0.127 mm, 99.9% of 
purity) (these are available from Alfa or Goodfellow). Drawing 24 shows the experiment equipment used for 
sputtering activation. Using duplex (multiplex) target sputtering, coincidence was made to evaporate two 
metals, namely, two targets were carried on the same magnetron unit (spot welding). Measuring was 
performed in order to attain the atomic ratio of a request of the catalyst metal on a substrate. The relative 
surface area of a target metal was changed and the presentation of a vacuum evaporationo phase was 
analyzed as the number of Ichinoseki of relative surface area. 
[0146] 

:50 atom % which prepared three different Pt-Ru catalyst packing in this example using duplex target 
magnetron sputtering — the nominal presentation of Pt and Ru — 0. — 1, 0.3, and 0.6 mgPtRu/cm2 (namely, 
Ptl atom / Ru atom). Typical conditions were basic pressure =8 x 10-4 torr and an evaporation rate =1- 
1 OA/second. The glass wettability slide was used for all activation. Sputtering of the Pt/Ru catalyst was 
carried out to the "activity", and 1 side (an activity side is a side usually arranged [ as opposed to / in this 
case / a catalyst bed ] during fuel cell attachment) of the (ii) flake-ized PTFE matter, and it was made to 
vapor-deposit on it. [ of (i) ELAT substrate ] Duplex rotation of a substrate while vacuum catalyst addition 
has occurred was useful to guaranteeing coating homogeneity. When an evaporation rate was measured with 
an oscillating crystal microbalance, it was 6A/second on the average, and magnetron power range was 250- 
500W, 490 - 570 Vdc bias, and 450 - 900 mAAr+ flux, effective band thickness 0. - they were 500, 
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1,500, and 3,000A about 1, 0.3, and 0.6 mgPtRu/cm2 band restoration, respectively. 
[0147] 

ED AX analysis The sample which has 0.3 mgPtRu/cm2 (1,500A band thickness), and each glass wettability 
slide were analyzed, and a presentation and structure of a vacuum evaporationo-ized band were decided, a 
scan ( drawing 2525 ) — the resolution of a spectrometer — inside, only Pt and Ru element existed by 
Pt/Ru=53.73% / 46.27% of ratio, namely, it was shown that the difference about a target ratio was less than 
10%. 
[0148] 

XRD analysis X-ray diffraction (XRD) analysis was performed with the Siemens diffraction meter using the 
source of CuKalpha. Drawing 26 shows a XRD spectrum. Because of a comparison, it is the diffraction line 
(fee) of Pt (from reference). It compared with having carried out JCPDS 04-0802. The PtRu spatter 
electrode catalyst bed showed the characteristic diffraction peak of Ptfcc structure. However, the diffraction 
line of a 2 metal sample was shifted to the low value about the same reflection of Pt in a JCPDE database. 
The shift in a 2 metal sample is -0.22 degrees as compared with a pure Pt sample. This proof is in agreement 
with existence of the PtRu alloy in a spatter-ized band. This alloying is reflected as change of the lattice 
parameter of the fee lattice at the time of comparing with the lattice parameter of pure Pt. Furthermore, the 
reflection line explaining tetragonal system Ru02 (jcpds 21-1 172) or Ru (hep) (JCPDE 6-663) phase was 
not found out. 
[0149] 

XPS analysis X-ray-photoelectron-spectroscopy (XPS) measurement was carried out using the Physical 
Electronics Quantum 2000 scan ESCA spectrometer. 0.3 The mgPtRu/cm (50%a/aPt/Ru nominal rating 
target ratio) duplex target spatter-ized electrode and the sample of spatter-ized flake-ized PTFE were 
analyzed. 3 spots / sample was measured and homogeneity was proved. Drawing 27 and 28 show a spatter- 
ized gaseous diffusion medium and the wide scan spectrum about a PTFE electrode component, 
respectively. The main constituents about an electrode layer are Pt and Ru, and wide scan XPS analysis 
corroborated that Zn and Cu of a minute amount existed. Carbon also existed. Although the Pt/Ru atomic 
ratio about an alloy can be proved by investigating the area of Pt4f and three pRu3 transition, Pt/Ru ? s is 
almost equal to Pt4f(area)/Ru3p3(area) =14.17/16.03 concerning the spatter-ized ELAT matter in this case 
(it equalizes about three sampling spots) (namely, 0.88), and 15.25/14.00 (namely, 1.09) about a spatter-ized 
PTFE substrate, both — a ratio is in [ permissible ] an error from target 1/1 ratio. As for analysis of the 
binding energy (BE) of Pt and Ru transition, Pt and Ru in a spatter-ized layer existed in the state of the 
metal, and it was shown that there was no proof of the existence of Pt or Ru oxide. Because of the difference 
(Pt is smaller than Ru) of whenever [ electronic negative / between Pt and Ru ], the charge transfer between 
both the atoms in a grid is predicted, therefore Pt-Ru association is polarized. It is predicted that this charge 
transfer produces BE shift next. The Pt4f7/2 migration about a PtRu spatter-ized phase shows BE=71.7 eV, 
and, on the other hand, BE(s) about the element Pt found out in reference are 71.1 - 71.2 eV (71.07 eV) 
(binary), 71.2 eV (13 values), and 71.0 eV. This expresses the chemical shift of 0.5-0.6V. This shift in BE in 
that case suggests the alloying between Pt in a spatter-ized phase, and Ru. Although the same analysis was 
carried out about Ru3d5/2 transition (BE=280.1 eV), the shift from a prediction reference value (279. 
94,280. 2 (seven values), 280.0, and 280.1 (binary) eV) was not detected. Refer to the carbon (reference) 
transition by BE=285.00 eV for both Pt and Ru transition. Drawing 29 and 30 show the XPS spectrum about 
two samples about a PtRu spatter-ized gaseous diffusion medium electrode (3 spots / sample) concerning Pt 
field (Pt4f transition) and its dewinding spectrum respectively. Drawing 3 1 and 32 show the XPS spectrum 
about Ru field (Ru3d transition) and its dewinding spectrum, respectively. 
[0150] 

Polarizability ability MEA preparation: The spatter-ized PtRu/ELAT gaseous diffusion medium electrode 
was first pretreated with 4.5% (w/w) mixture of the proton (950 EW) conductivity polymer in isopropanol. 
It dried at about 80 degrees C using **** until it applied the solution to the catalyst addition side of a gas 
diffusion electrode and all the solvents evaporated substantially. Next, the heat and pressure of the 
pretreatment electrode were carried out to the GORE-SELECT (trademark) proton conductivity film (sink 
[ 25 micrometers of thickness, / 950 EW ionomer ] in) as an anode half element. The standard GORE 
electrode (0.3 mgPtcm-2 restoration) was used as a cathode. 
[0151] 

In order to offer the reference point for the comparison of the MEA engine performance accompanied by 
use of a 2 metal Pt-Ru electrode catalyst band, MEA containing Pt spatter-ized anode (restoration = 0.1 
mgPt/cm2) was also prepared. These anodes were prepared using the same magnetron sputtering unit as a 2 
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metal duplex target spatter-ized anode, and the same evaporation conditions. By carrying out the heat and 
pressure of this electrode to the GORE-SELECT (trademark) proton conductivity film (25 micrometers, 950 
EW) by using this electrode as an anode half cell, MEA (these carried out ionomer pretreatment) using these 
reference anodes was also prepared. The standard contrast electrode (0.1 mgPt/cm2 restoration; available 
under the name of W.L.Gore & Associates to PURIMERA 5510) was used as a cathode. 
[0152] 

MEA assay: MEA which has the electrode activity area of 25 cm2 was put on the reference fuel cell 
technical ftiel cell fixture, using ELAT as a diffuser by the side of a cathode (contrast). Next, the fixture was 
held and lowered to about 200 lb in / bolt torque using the standard gasket matter, then, Scribner and Assoc. 
electronic restoration was used for conditioning and assay, and it connected with the GLOBETECH fuel cell 
trial plant, hydrogen / air-properties-izing — first — 60-degree-C cell temperature -- performing -- an 
atmospheric pressure — a spraying bottle — respectively ~ 60 degrees C / 60 degrees C — an anode — and 
cathode saturation was carried out. next, 80-degree-C cell temperature — property-izing — performing — 
respectively — 90 degrees C / 75 degrees C — respectively — an anode and a cathode — being related — cell 
back ** of 30/30 psig — an anode — and cathode saturation was carried out. In both cases, the flow rate of 
1 .2/3.5 of the stoichiometry bases was used. It is after the proper conditioning of MEA, and on flow, and 
polarizability ability was obtained by the steady state one day after at least. 0.6 between V, about 0.4 V, and 
OCV — cell potential ~ a circulation ** cell — the conditioning of MEA was finished by things. 50 The 
polarization curve was obtained by changing the cell potential in mV phase and recording the steady state 
current density (reagin flow rate proportional to the total cell amperage) in a restoration base style. Two 
kinds of CO/H2 mixture: Reformate property-ization was performed by the elevated 

temperature/********** using 5 ppm and 50 ppmCO. The trial strategy included property-ization of MEA 
in H2-/air supply at the time of steady state output achievement first. Next, 5 ppmCO fuel was poured in and 
a night (at least 10 hours) and MEA were stabilized in 0.6 V using this anode supply. Next, the polarization 
curve was obtained after the steady state saturation about the anode by toxicity-ized supply was attained. 
Then, 50 ppmCO/H2 fuel was poured in and overnight stability of the MEA was again carried out by 0.6 V. 
The steady state polarization curve was obtained after the period. 
[0153] 

drawing 33 and 34 are pure respectively — the polarizability ability (cell potential and power-flux-density 
object current density) about Pt spatter-ized anode in H2, and H2 / CO anode supply is shown, drawing 35 
and 36 are pure respectively — the corresponding evaluation about MEA which has a PtRu spatter-ized 
anode about H2, and H2 / CO anode supply is shown. Table 1 summarizes the engine performance 
expressed as current density in 0.6 V in H2 and H2-/CO mixture (the CO concentration 5 and 50 ppm). The 
result showed that about 20% of improvement of current density/output was produced, when it compared 
with a spatter-ized Pt (single metal) electrode also unexpectedly on the occasion of activation of the supply 
PtRu 2 metal spatter-ized anode in the inside of pure H2 anode. 5 Under existence of ppmCO/H2 anode 
supply, the 2 metal spatter-ized anode produced 84% of output improvement in 0.6 V, and the improvement 
was about 82% on 50 ppm level (refer to Table (all are compared with a spatter-ized Pt (contrast) electrode) 
1). 

[0154] 

In order that poisoning-proof nature of an anode may be property-ized further, taking the engine 
performance in clean reagin supply into consideration (only in case of H2), a poisoning-proof nature related 
lambda parameter (lambda) (defined by refer to the fixed electrical potential difference (for example, 0.6 V) 
as = (lambda) (iH2-iCO/H2)/iH2) can be used. With this equation, the electrode (namely, iH2**iCO/H2) 
which has poisoning-proof nature 100% produces lambda->0. Next, the electrode (namely, iCO/H 2->0) 
"shutdown" Carried out by on the whole being toxicity-ized in toxicity-ized supply produces lambda** 1. 
The electrode catalyst which shows poisoning-proof nature amelioration produces Smallness lambda. Table 
1 shows the result related with this lambda parameter. Although Pt spatter-ized anode receives 67% nominal 
cost of the engine performance on 5 ppmCO level and, as for data, they receive a fall 88% on the 50 ppm 
level CO in relation to the engine performance of the 2 metal anodes in pure hydrogen, it is proved that 
reduction of the pure hydrogen supply and PtRu spatter-ized anode is carried out 82% (few 6%) by 50 
ppmCO only 49% by 5 ppmCO as compared with this. 
[0155] 

Below is further mentioned in a poisoning-proof nature lambda parameter, the case where MEA of this 
invention receives CO / hydrogen supply — following: the case where hydrogen supply accompanied by 5 
ppmCO is performed — 0.65 or less than [ it ] — further — desirable — 0.50 or less than [ it ] — further — 
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desirable — 0.25 or less than [ it ]; -- and/or — When hydrogen supply accompanied by 50 ppmCO is 
performed, the lambda parameter which was less than [ 0.60 or it ] excellent in ** still more preferably can 
be offered 0.85 or less than [ it ]. 
[0156] 

The current density about this invention is also mentioned into this specification. MEA of this invention is at 
0.6 V, when CO / hydrogen supply is received. : When hydrogen supply accompanied by 5 ppmCO is 
performed, 350 mA/cm2 - desirable - 450 mA/cm2 - further — desirable — at least — ; of 500 mA/cm2 - 
and/or — When hydrogen supply accompanied by 50 ppmCO is performed 150 mA/cm2 — desirable — 175 
mA/cm2 — the current density of 200 mA/cm2** can be offered still more preferably. 
[0157] 

Example 9 Electrode component preparation It put in into the vacuum areole (diameter 1.5 m, die-length 2 
m) which exhausted the electrode component including an ELAT gaseous diffusion medium and a 6 mil 
flake-ized PTFE sheet to abbreviation <10-4 torr using the diffusion pump. 6"x 6" gaseous-diffusion 
medium substrate was put on the four-point electrode-holder circular conveyor. It was useful to mounting 
and a circular conveyor rotating respectively, therefore guaranteeing homogeneity coating. DC magnetron 
sputtering was used. The 2 metal-electrode catalyst band containing Pt and tin (Sn) was prepared using 
duplex target sputtering. 
[0158] 

The unit consisted of the diameter 6" magnetron made to fill up with two catalyst matter targets. A label- 
detail is shown below :P t foil (50 mm x 50 mm, thickness 0.127 mm, 99.9% (Alfa) of purity), and Sn foil 
(thickness 0.1 mm, a PURATORO nick, 99.998% of purity). 
[0159] 

The measuring experiment was useful to establishing the relative amount of the target matter used in order 
to offer a desired presentation. The presentation of the after that of a vacuum evaporationo band was 
analyzed for the measuring purpose. Although this measuring process was required since it had different 
sputtering yield which is the property of a proper in the element with which sputtering of each metal is 
carried out, a target field surface area ratio is not necessarily correlated an evaporation phase composition 
ratio and directly. 
[0160] 

: which prepared three different PtSn catalyst constituents which have a different Pt/Sn atomic ratio using 
duplex target magnetron sputtering — restoration of about 0.3 mgPtSn/cm2 generated Pt layer which has 40, 
20, and 15%Sn. Typical conditions were basic pressure =8 x 10-4 torr and an evaporation rate =1- 
1 OA/second. The glass wettability slide was used for all activation. Pt and Sn were spatter-ized, sputtering 
was carried out to the activity [ of an ELAT electrode ], and 1 side (an activity side is a side usually 
arranged [ as opposed to / in this case / a catalyst bed ] during fuel cell attachment) of the flake-ized PTFE 
matter, and it was made to vapor-deposit on it. Duplex rotation of a substrate while vacuum catalyst addition 
has occurred was useful to guaranteeing coating homogeneity. Next, when it measured with an oscillating 
crystal microbalance, the evaporation rate of 6A/second covered the electrode catalyst bed on the average, 
and it considered as specific target restoration. Magnetron power range was 250-500W, 490 - 570 Vdc bias, 
and 450 - 900 mAAr+ flux. 
[0161] 

Formation of an electrode component property ED AX analysis The PtSn vacuum evaporationo band was 
prepared by duplex target sputtering, it analyzed, and a presentation and structure of a vacuum evaporationo 
object were determined. Drawing 37 , and 38 and 39 show the energy dispersion nature X-ray (ED AX) 
spectrum of the 0.3 mg restoration PtSn vacuum evaporationo about Sn:40%, 20%, and 15%Sn (atomic %) 
of the amount of requests, respectively. As for the scan, only these two components (Pt and Sn) existed 
(within the sensibility of a spectrometer), and the element existed to 40, 20, and 1 5%Sn target-ized atomic 
ratio by Pt/Sn=62% / 38%, 78% / 22% and 84% / 16% of approximation ratio. 
[0162] 

XRD analysis Drawing 40 , and 41 and 42 show the X-ray diffraction (XRD) special feature over 40, 20, 
and 15%Sn target-ized atomic ratio electrode, respectively. In all cases, analysis of a differential-gear 
RAKUTO gram showed that the shift from a Ptfcc (pure) diffraction line was observed for a phase change. 
These change is in agreement with existence of an alloy phase. 
[0163] 

The adaptation analysis with a diffraction pattern database was also in agreement with existence of a multi- 
alloy phase. For example, although the constituent had the diffraction peak 40%, this can show existence of 
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PtSn and a PtSn three phase circuit. For example, 20%, the system showed existence of the winding 
diffraction band of SnPt3, Sn, and PtSn. 1 5%Sn system showed the diffraction pattern which suggests 
existence of SnPt3 and Sn phase. 
[0164] 

Example 10 Electrode component preparation It put in into the vacuum areole (diameter 1.5 m, die-length 2 
m) which exhausted the electrode component including an ELAT gaseous diffusion medium and a 6 mil 
flake-ized PTFE sheet to abbreviation <10-4 torr using the diffusion pump. 6"x 6" gaseous-diffusion 
medium substrate was put on the four-point electrode-holder circular conveyor. Mounting and a circular 
conveyor rotated respectively. DC magnetron sputtering was used. The 2 metal PtCr band was vapor- 
deposited using duplex target sputtering. 
[0165] 

The sputtering unit consisted of the diameter 6" magnetron made to fill up with two catalyst matter targets. 
A label-detail is shown below :P t foil (50 mm x 50 mm, thickness 0.127 mm, 99.95% (Alfa) of purity), and 
Cr sputtering target (50.8 mm x 31.8 mm, 99.98% of purity). 
[0166] 

The electrode which has 25 atom %Cr by nominal restoration of about 0.3 mgPtCr/cm2 was prepared. 
Typical conditions were basic pressure =8 x 10-4 torr and an evaporation rate =1-1 OA/second. The glass 
wettability slide was used for all activation. Pt and Cr were spatter-ized and it was made to vapor-deposit to 
the activity [ of an ELAT substrate ], and 1 side of flake-ized PTFE. Duplex rotation of a substrate was used. 
When it measured with an oscillating crystal microbalance, the evaporation rate of 6A/second covered the 
electrode catalyst band on the average, and it considered as specific target restoration. Magnetron power 
range was 250-500W, 490 - 570 Vdc bias, and 450 - 900 rnAAH- flux. 
[0167] 

Formation of an electrode component property ED AX analysis The PtCr electrode catalyst prepared by 
duplex target sputtering was analyzed, and a presentation and structure of a vacuum evaporationo object 
were determined. Drawing 43 shows the ED AX spectrum of 0.3 mg restoration PtCr vacuum evaporationo 
of a request of 25(target-izing) %Cr (atomic %). As for the scan, these two components (Pt and Cr) mainly 
existed (within the sensibility of a spectrometer), and it was shown that the element exists at Pt/Cr=74% / 
26%. 
[0168] 

XRD analysis Drawing 44 shows the XRD spectrum of a spatter-ized sample. In addition to non-alloying Pt 
phase, the adaptation analysis with a diffraction pattern database was in agreement with existence of a Pt3Cr 
phase. 
[0169] 

Example 1 1 Electrode component preparation It put in into the vacuum areole (diameter 1.5 m, die-length 2 
m) which exhausted an electrode component like an ELAT gaseous diffusion medium and a 6 mil flake-ized 
PTFE sheet to abbreviation <10-4 torr using the diffusion pump. 6"x 6" gaseous-diffusion medium substrate 
was put on the four-point electrode-holder circular conveyor. Mounting and a circular conveyor rotated 
respectively. DC magnetron sputtering was used. In this example, the 2 metal PtMo vacuum evaporationo 
band was prepared using duplex target sputtering. 
[0170] 

This unit consisted of the diameter 6" magnetron made to fill up with two catalyst matter targets. A label- 
detail is shown below :P t foil (50 mm x 50 mm, thickness 0.127 mm, 99.9% (Alfa) of purity), and Mo foil 
(150 mm x 300 mm, thickness 0.1 mm, 99.95% of purity). The modification ** cell measuring experiment 
was performed for the target matter of a relative amount. 
[0171] 

The electrode which has 25 atom %Mo by nominal restoration of about 0.3 mgPtMo/cm2 was prepared. 
Typical conditions were basic pressure =8 x 10-4 torr and an evaporation rate =1-1 OA/second. The glass 
wettability slide was used for all activation. Next, Pt and Mo were spatter-ized the activity side of an ELAT 
substrate, and on the 1 the flake-ized PTFE matter side. While vacuum catalyst-ization had broken out, 
duplex rotation of a substrate was used. Next, when it measured with an oscillating crystal microbalance, the 
evaporation rate of 6A/second covered the electrode catalyst band on the average, and it considered as 
specific target restoration. Magnetron power range was 250-500W, 490 - 570 Vdc bias, and 450 - 900 
mAAr+ flux. 
[0172] 

Formation of an electrode component property ED AX analysis The PtMo electrode catalyst prepared by 
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duplex target sputtering was analyzed, and a presentation and structure were determined. Drawing 45 shows 
the EDAX spectrum of 0.3 mg restoration PtMo vacuum evaporationo of desired 25 (target-izing)%Mo 
(atomic %). A scan is a main element with which these two components (Pt and Mo) exist within the 
sensibility of a spectrometer, and it was shown that the element exists at Pt/Mo=74% / 26%. 
[0173] 

XRD analysis Drawing 46 shows the XRD spectrum of a spatter-ized sample. In addition to non-alloying Pt 
phase, the adaptation analysis with a diffraction pattern database was in agreement with existence of a 
Pt3Mo phase. 
[0174] 

Examples 12-14 show the 2 metal system which vapor-deposited the band using EB-PVD serially. Before 

explaining a specific example, the general approach is explained first. 

[0175] 

The general approach It put in into the vacuum areole (diameter 1.5 m, die-length 2 m) which exhausted an 
electrode component like an ELAT gaseous diffusion medium and a 6 mil flake-ized PTFE sheet to 
abbreviation <10-4 torr using the diffusion pump. 6"x 6" gaseous-diffusion medium substrate was put on the 
four-point electrode-holder circular conveyor. It was useful to mounting and a circular conveyor rotating 
respectively, therefore guaranteeing the substantial homogeneity under coating. The electron beam-physical 
vapor deposition (EB-PVD) was used for the catalyst as a means of an evaporation ** cell sake. 
[0176] 

The evaporator consisted of two 2"x 2" crucibles which threw in Pt or Ru coin (99.95% of purity) 
respectively. The metal source of supply to each crucible was remelted first, then the source of a single 
electron beam was used, and one source of supply was evaporated at a stretch. The switch mechanism 
enabled installation of the selection crucible (Pt or Ru) under an electron beam, therefore enabled 
evaporation of a different metal using a certain source of a single electron beam. This selection crucible that 
supplied the source of a selection metal was remelted next, and was evaporated. The mutual switch of each 
crucible which used the same electron beam was used for the degree, and two different catalyst metals were 
evaporated continuously. Typical coating conditions were basic pressure =5 x 10-5 torr and an evaporation 
rate =1-0.1 A/second. The 2 metal-electrode catalyst of a PtRu mold was prepared using serial EB-PVD of 
two metal evaporation sources (Pt and Ru). The measuring experiment was performed so that the request 
ratio of the element in a vacuum evaporationo band might be attained. 
[0177] 

The electrode which has target-ized 50 atom %RtRu (namely, Ptl atom / Ru atom), and has nominal 
restoration of 0.3 and 0.1 mgPtRu/cm2 was serially prepared using EB-PVD. During a different experiment, 
each thickness was changed, by some activation, ion beam auxiliary vacuum evaporationo (IB AD) 
technique was also performed, and the further mixing between layers was guided. Typical conditions were 
basic pressure =8 x 10-4 torr and an evaporation rate =1-1 OA/second about all activation. The glass 
wettability slide was used for all activation. Pt and Ru metal were evaporated and it vapor-deposited the 
"activity" side, and on the 1 the flake-ized PTFE matter side. [ of an ELAT substrate ] Duplex rotation of a 
substrate while vacuum catalyst-ization has broken out was useful to guaranteeing the homogeneity of 
coating. 
[0178] 

Example 12 It is PtRu serially to an ELAT gaseous diffusion medium and flake-ized PTFE electrode 
component. EB-PVD was given. The request last restoration of an electrode is 0.3 mgPtRu/cm2, therefore 
formed the total 1500A (about 750A of the total Pt equivalence effective thickness, about 750A of the total 
Ru equivalence effective thickness) electrode effective thickness, this embodiment of this invention — 250A 
of each (etc. — restoration / layer 0.05 mg metal / cm2) — serially, the evaporation layer was made to vapor- 
deposit (Pt-Ru-Pt-Ru etc.), and it formed the electrode catalyst bed. When it measured with an oscillating 
crystal microbalance, each class was vapor-deposited by 1 A/second in rate. 
[0179] 

Formation of an electrode component property XRD analysis Drawing 47 shows the XRD spectrum of a 
continuous evaporation sample. The adaptation analysis with a diffraction pattern database was in agreement 
with un-alloying [ Pt ] and existence of Ru phase. 
[0180] 

XPS analysis 0.3 mgPtRu/cm (50%a/aPt/Ru nominal rating target ratio) — the sample of an ELAT gaseous 
diffusion medium catalyst-ized electrode was analyzed using XPS serially (250A/(layer)). Like the above, 3 
spots / sample was measured and the homogeneity of coating and a presentation were proved. Drawing 48 
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shows the XPS wide scan spectrum about 250A continuation evaporation electrode. The main constituents 
of an electrode catalyst bed are Pt and Ru, and the wide scan corroborated that little N and F existed. Carbon 
also exists and it may also be mentioned that the gaseous diffusion medium base material contained carbon. 
Although the surface Pt/Ru atomic ratio on an evaporation electrode catalyst bed could be measured by 
investigating the ratio of the area of Pt4f and three pRu3 transition, Pt/Ru was almost equal to Pt4f 
(area)/Ru3p3(area) =40.23 / 0.893 (namely, 45) in this case (it equalizes about three sampling spots). The 
evaporation layer (about 250A/(layer)) suggested fully not having been mixed between layers serially, 
taking that it sets and XPS of a **** forecast is [ of this ratio about 50% a/a layer (a ratio is about 1) of 
complete mixing ] surface susceptibility technique into consideration, a XPS measurement ratio — 
Pt/Ru=45/1 reflect the surface presentation of the last evaporation layer (namely, Pt) in that case. Therefore, 
this Pt layer is not enough mixed with Ru evaporation layer just below. 
[0181] 

Analysis of the binding energy (BE) location of Pt and Ru element was performed using the high-resolution 
scan. The Pt4f7/2 migration about a PtRu continuation EB-PVD phase shows BE=71.7 eV, and on the other 
hand, BE about the element Pt found out in reference is 71.0 - 71.1 eV, therefore expresses the chemical 
shift of about 0.6 V. The shift of Pt binding energy is in agreement with the alloying between Pt and Ru 
element. 
[0182] 

XRD (bulk) and XPS (surface susceptibility) data were in agreement with the electrode catalyst bed 
containing bulk un-alloying [ Pt ] and Ru layer accompanied by a surface Pt/Ru alloy phase. 
[0183] 

The same analysis carried out about Ru3d5/2 transition specified the binding energy of BE=280.8 eV, 
therefore showed the observable shift from the prediction reference value (279.9 - 280.0 eV) about a metal 
ruthenium. Although the electronic state of this result of a front face Ru does not correspond with Metal Ru 
(namely, RuO), Ru02 shows that it is well alike. Refer to the carbon (reference) transition (Cls) by 
BE=285.00 eV for both Pt and Ru transition. 
[0184] 

Drawing 49 shows the XPS spectrum about Pt field (Pt4f transition), and its dewinding spectrum about a 
continuation vacuum evaporationo EB-PVD electrode. Drawing 50 shows the XPS spectrum about Ru field 
(Ru3d transition). 
[0185] 

Example 13 About an ELAT gaseous diffusion medium and flake-ized PTFE electrode component, it is 
PtRu serially. It prepared by EB-PVD. The request last restoration of an electrode is 0.1 mgPtRu/cm2 (50% 
a/a), therefore formed the total 500A (about 250A of the total Pt equivalence effective thickness, about 
250A of the total Ru equivalence effective thickness) electrode effective thickness. An evaporation layer 
"thin" serially (Pt-Ru-Pt-Ru etc.) in this embodiment of this invention (a total of ten layers.) 0.01 Each 50A 
metals of five layers in restoration/layer, such as mg metal / cm2, were made to vapor-deposit, and the 
electrode catalyst bed was formed. When it measured with an oscillating crystal microbalance, each class 
was vapor-deposited by 1 A/second in rate. Although this strategy requires time amount, it enables vacuum 
evaporationo of a thin catalyst bed, therefore it produces a more homogeneous electrode catalyst bed, and is 
convenient to mixing of a subsequent evaporation interphase. 
[0186] 

Formation of an electrode component property XRD analysis Drawing 5 1 shows the XRD spectrum of a 
continuous evaporation sample (50A/(with a layer)). Spectrum inspection shows structure more complicated 
than what is obtained by the physical vapor deposition (example 12) of 250A metal layer. It turns out that 
the phase relevant to un-alloying [ Ru ] is not so remarkable in this case, and Ptfcc (method centering of 
features) diffraction seems to have shifted, therefore alloying is suggested. Furthermore, the shoulder 
diffraction corresponding to Pt (un-alloying) phase is also seen. XRD analysis (bulk property-ized method) 
is in agreement with existence of the alloying PtRu phase accompanying un-alloying [ Pt ] and Ru phase in 
that case. 
[0187] 

XPS analysis 0.1 mgPtRu/cm (50%a/aPt/Ru nominal rating target ratio) -- the sample of a PtRuEB-PVD 
(50A/(layer)) ELAT gaseous diffusion medium catalyst-ized electrode was serially analyzed using XPS. 2 
spots / sample was analyzed. The survey scan was performed and the surface presentation of vacuum 
evaporationo was determined. Drawing 52 shows the survey scan about 50A continuation evaporation 
electrode. The main constituents of an electrode catalyst bed are Pt and Ru, and the XPS (ESCA) scan 
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corroborated that N, O, and F also existed. It became clear that carbon also existed. Although the surface Pt- 
Ru atomic ratio on an evaporation electrode catalyst bed can be measured like the above by investigating the 
ratio of the area of Pt4f and three pRu3 transition, Pt/Ru is Pt4f(area)/Ru3p3(area) =29.6**1.8 / 2.7**0.3, 
1 1 .0**1 .8 [ i.e., ], in this case (it equalizes about two sampling spots). The magnitude of this ratio shows an 
effective thing by evaporation forming the more homogeneous electrode of a film and enabling mixing 
between layers serially, more, in comparison with what is relatively obtained by the physical vapor 
deposition of thick 250A phase (measurement Pt/Ru ratio about 45; example 12). Analysis of the binding 
energy (BE) location of Pt and Ru element was performed using the high-resolution scan. The piece of the 
spatter-defecation Pt was also analyzed and the reference spectrum about Pt was offered. Drawing 53 
showed the XPS spectrum about Pt field (Pt4f transition), and its dewinding spectrum about this 
continuation vacuum evaporationo EB-PVD electrode. Drawing 54 shows the spectrum about Ru field 
(Ru3d transition) about the same system. 
[0188] 

The Pt4f7/2 migration about this continuation EB-PVD electrode catalyst structure showed association of 
BE=70.0**0.1 eV (value acquired as an average of two measured value with reference to C (Is) binding 
energy of 285.0 eV). BE about a spatter-ized Pt foil (quality of contrast) was 71 .0**0.0 eV (see the 
spectrometer Fermi level). This observed shift in binding energy is in agreement with PtRu alloying. 
[0189] 

About Ru3d5/2 migration, the same analysis was carried out and this specified the binding energy of 

BE=28 1 .0**0. 1 eV. This result was in agreement with existence of Ru02. 

[0190] 

Polarizability ability MEA preparation The PtRu/cm2EB-PVD catalyst-ized ELAT gaseous diffusion 
medium electrode of 0.1 mg was first pretreated with 4.5% (w/w) solution of the deflection myon (950 EW) 
proton conductivity polymer in isopropanol. It dried at about 80 degrees C using **** until it applied the 
solution to the catalyst addition side of a gas diffusion electrode and the solvent evaporated. Next, the heat 
and pressure of the pretreatment electrode were carried out to the GORE-SELECT (trademark) proton 
conductivity film (25 micrometers of thickness, 950 EW) as an anode half element. The standard reference 
electrode (0.3 mgPtcm-2 restoration) was used as a cathode (available from PRIMEA 5510 and W.L.Gore & 
Associates). 
[0191] 

MEA assay: MEA which has the electrode activity area of 25 cm2 was put on the reference fuel cell 
technical fiiel cell fixture, using ELAT as a diffuser by the side of a cathode (contrast). Next, the fixture was 
held and lowered to about 200 lb in / bolt torque using the standard gasket matter, then, Scribner and Assoc. 
electronic restoration was used for conditioning and assay, and it connected with the GLOBETECH fuel cell 
trial plant. 
[0192] 

hydrogen / air-properties-izing — first — 60-degree-C cell temperature — performing — an atmospheric 
pressure — a spraying bottle — 60 degrees C / 60 degrees C — an anode — and cathode saturation was carried 
out. secondary evaluation conditions — 80-degree-C cell temperature — it is — respectively — 85/75 degree C 
— it is — respectively — an anode and a cathode — being related — cell back ** of 30/30 psig — it is — an 
anode — and cathode saturation was carried out. In both cases, the flow rate of 1 .2/3.5 of the stoichiometry 
bases was used. It is after the proper conditioning of MEA, and on flow, and polarizability ability was 
obtained by the steady state one day after at least. 0.6 between V, about 0.4 V, and OCV — cell potential — a 
circulation ** cell — the conditioning of MEA was finished by things. 50 The polarization curve was 
obtained by changing the cell potential in mV phase and recording the steady state current density (reagin 
flow rate proportional to the total cell amperage) in a restoration base style. 
[0193] 

Two kinds of CO/H2 mixture: Reformate property-ization was performed by the elevated 
temperature/********** using 5 ppm and 50 ppm. The trial strategy included property-ization of MEA in 
H2-/air supply at the time of steady state output achievement first. Next, 5 ppmCO fuel was poured in and a 
night (at least 10 hours) and MEA were stabilized in 0.6 V using this anode supply. Next, the polarization 
curve was obtained after the steady state saturation about the anode by toxicity-ized supply was attained. 
Then, 50 ppmCO/H2 fuel was poured in and overnight stability of the MEA was again carried out by 0.6 V. 
The steady state polarization curve was obtained after the period, drawing 55 and 56 are pure respectively - 
the polarizability ability about H2 and reformate supply concerning a PtRuEB-PVD catalyst-ized anode 
serially is shown. Table 2 summarizes the engine performance expressed as current density in 0.6 V in H2 
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and H2-/CO mixture (the CO concentration 5 and 50 ppm). The engine performance of Pt spatter-ized anode 

(0.1 mg/cm2) is included as reference. 

[0194] 

Under existence of 5 ppmCO/H2 anode supply, as for the result, activation of a PtRuEB-PVD anode 
produced 81% of output improvement in 0.6 V, and the improvement was about 152% on 50 ppm level (all 
are compared with a spatter-ized Pt (contrast) electrode). When it uses by H2 supply, these 2 metal anodes 
show the engine performance which is not not much desirable about some as compared with a pure Pt 
system. 
[0195] 

In order that poisoning-proof nature of an anode may be property-ized further, taking the engine 
performance in clean reagin supply into consideration (only in case of H2), a poisoning-proof nature related 
lambda parameter is calculated from the aforementioned data, and a result is shown in Table 2. 
[0196] 

Data show that a PtRuEB-PVD anode reduces only 21% about the engine performance in the inside of pure 
hydrogen only 59% by 50 ppmCO by 5 ppmCO. This reduction is quite smaller than what was measured by 
being related spatter-ized 2 metal-electrode catalyst 2 (it is related with 5 and 50 ppmCO, and they are 49% 
and 82%, respectively). As reference, Pt spatter-ized anode receives a fall 88% on a fall and 50 ppmCO 
level 67% with 5 ppmCO level. 
[0197] 

Example 14 IB AD is used as a way stage for promoting mixing of an evaporation layer for an ELAT 
gaseous diffusion medium and flake-ized PTFE electrode component, and it is PtRu serially. It prepared by 
EB-PVD. The request last restoration of an electrode is 0.1 mgPtRu/cm2 (50%a/a), therefore formed the 
total 500A (about 250A of the total Pt equivalence effective thickness, about 250A of the total Ru 
equivalence effective thickness) electrode effective thickness. At this embodiment of this invention, it is an 
evaporation layer (a total of ten layers.) serially (Pt-Ru-Pt-Ru etc.). 0.01 Each 50A metals of five layers in 
restoration/layer, such as mg metal / cm2, were made to vapor-deposit, it mixed using Ar+ beam, and the 
electrode catalyst bed was formed. When it measured with an oscillating crystal microbalance, each class 
was vapor-deposited by 1 A/second in rate. Using evaporation serially, this strategy enabled vacuum 
evaporationo of a thin catalyst bed, and atomic level mixing, therefore produced homogeneity and a uniform 
(and mixed) electrode catalyst bed more. 
[0198] 

Formation of an electrode component property XRD analysis Drawing 57 shows the XRD spectrum of a 
continuous (50A/(with layer)) EB-PVD/IBAD preparation sample. Spectrum inspection shows structure 
more complicated than what is obtained by PVD (example 12) of 250A metal layer. The spectrum about this 
system shows resemblance with what is obtained by what is obtained only by evaporation (film) (example 
13). The phase relevant to un-alloying [ Ru ] was not so remarkable, Ptfcc diffraction seemed to have shifted 
(larger than an example 13), and this was in agreement with alloying. Furthermore, the shoulder diffraction 
corresponding to Pt (un-alloying) phase is also seen. XRD analysis (bulk property-ized technique) of an 
electrode catalyst phase was in agreement with existence of the alloying PtRu phase accompanying un- 
alloying [ Pt ] and Ru phase in that case. 
[0199] 

XPS analysis The sample of a PtRuEB-PVD(50A/(layer)) ELAT gaseous diffusion medium catalyst-ized 
electrode was serially analyzed using XPS 0.1 mgPtRu/cm (50%a/aPt/Ru nominal rating target ratio). 2 
spots / sample was analyzed. Drawing 58 shows the survey scan about 50A continuation evaporation 
electrode. The main constituents of an electrode catalyst bed are Pt and Ru, and the XPS scan corroborated 
that N, O, and C also existed. Although the surface Pt-Ru atomic ratio on an evaporation electrode catalyst 
bed can be measured like the above by investigating the ratio of the area of Pt4f and three pRu3 transition, 
Pt/Ru is the ratio of Pt4f(area)/Ru3p3(area) =34.7**0.4 / 3.6**0.1, 9.6**0.4 [ i.e., ], in this case (it equalizes 
about two sampling spots). PVD of a "thin" 50A phase (a measurement Pt/Ru ratio is about 1 1) — the 
magnitude of this ratio suggests the thing of a film for which evaporation enables a mixed improvement of a 
vacuum evaporationo electrode catalyst phase with IBAD serially in comparison with what is obtained more 
independently. 
[0200] 

Joint information was offered using the high-resolution scan. The piece of the spatter-defecation Pt was also 
analyzed and the reference spectrum about Pt was offered. The Pt4f7/2 migration about this continuation 
EB-PVD electrode catalyst structure showed association of BE=72. 0**0.0 eV (value acquired as an average 
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of two measured value with reference to C (Is) binding energy of 285.0 eV). The measured equivalence BE 
about a spatter-ized Pt foil (quality of contrast) was 71 .0**0.0 eV (see the spectrometer Fermi level). This 
observed shift in binding energy was in agreement with PtRu alloying. 
[0201] 

About Ru3d5/2 migration, the same analysis was carried out and this specified the binding energy of 

BE=280.8**0.0 eV. This result was in agreement with existence of Ru02. 

[0202] 

Drawing 59 shows XP spectrum about Pt field (Pt4f transition), and its dewinding spectrum about this 
continuation vacuum evaporationo EB-PVD electrode. Drawing 60 shows the XPS spectrum about Ru field 
(Ru3d transition) about the same system. 
[0203] 

Polarizability ability MEA preparation The PtRu/cm2EB-PVD catalyst-ized ELAT gaseous diffusion 
medium electrode of 0.1 mg was first pretreated by the same technique indicated in the last example. Next, 
the heat and pressure of the pretreatment electrode were carried out to the GORE-SELECT (trademark) 
proton conductivity film (25 micrometers of thickness, 950 EW) as an anode half element. The standard 
reference electrode (0.3 mgPtcm-2 restoration) was used as a cathode. 
[0204] 

MEA assay: it has the electrode activity area of 25 cm2 ~ experimental — MEA was indicated in said 
example — experimental — it examined by the same protocol on the same conditions as having used during 
the formation of a fuel cell polarization property of MEA. drawing 61 and 62 are pure respectively — this 
polarizability ability about H2 and reformate supply concerning a PtRuEB-PVD catalyst-ized anode serially 
is shown. Table 3 summarizes the engine performance expressed as current density in 0.6 V in hydrogen and 
H2-/CO mixture (the CO concentration 5 and 50 ppm). The engine performance of Pt spatter-ized anode 
(0.1 mg/cm2) is included as reference. 
[0205] 

A result shows that about 29% of improvement of current density/output was produced when this PtRuEB- 
PVD/IBAD catalyst-ized anode in pure hydrogen anode supply compared with a spatter-ized Pt (single 
metal) electrode, and 7% of improvement was produced in comparison with the PtRu catalyst-ized cell. 5 
Under existence of ppmCO/H2 anode supply, this electrode produced 44% of output improvement in 0.6 V, 
and the improvement was about 84% on 50 ppm level (all are compared with a spatter-ized Pt (contrast) 
electrode). 
[0206] 

The poisoning-proof nature related lambda parameter is also shown in drawing 3 . 

It is shown that a PtRuEB-PVD/IBAD anode reduces [ by 5 ppmCO ] data about the output of a metal anode 

82% 63% in pure hydrogen by 50 ppmCO. These lambda values are 5, respectively. And when exposed to 

50 ppm, it reaches 4% and is smaller than what used the pure spatter-ized Pt anode 2 and was observed 6% 

(namely, 67% and 88%). 

[0207] 

Table [0208] 

[Table 2] 
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[0209] 
[Table 3] 



£2 



MEA 

7/-r 


(^C) 


OCV 
(V) 


H 2 «|&|C 

felt* 
0. 6VT?<D 

(COfcL) 

(mA/cm 2 ) 


H 2 /5ppm 

felt* 
0. 6VT?fl> 

mm. 

(mA/cm 2 ) 


w 

(5ppm) 


H 2 /50ppm 

commie 
felt* 

0. 6VT?(D 
(mA/cm 2 ) 


(50ppm) 


pt 

(ref.) 


80 


0.945 


822 


272 


0. 67 


101 


0. 88 




60 


0. 920 


525 










PtRu 


80 


0.922 I 


625 


492 


0. 21 


255 


0. 59 




60 


0.890 ! 


426 











[0210] 
[Table 4] 
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[0211] 

The aforementioned description about an embodiment with desirable this invention was shown for 
explanation. It does not limit this invention to the exact gestalt which was not comprehensive or was 
indicated, either. So, in view of the aforementioned instruction, all corrections and modification are 
possible. 

[Brief Description of the Drawings] 
[Drawing 1] 

It is the sectional view of MEA of this invention which includes the ion conductivity film which is inserted 
into two electronic conduction nature inter-electrode, and generates two interface fields. 
[Drawing 2] 

It is the sectional view of the half cell of this invention containing the ion conductivity film which contacts 
an electronic conduction nature electrode and generates a membrane electrode interface field. The band of a 
metal [ activity / in catalyst ] also exists. 
[Drawing 3] 

It is the display of z inclination of a metal [ activity / in catalyst / for one embodiment of this invention ]. 
The sectional view of an electrode shows the metal [ activity / in catalyst ] directly vapor-deposited on the 
electrode. 
[Drawing 4] 

The general conception of z inclination phase function by this invention is displayed further. 
[Drawing 5] 

Current-electrical-potential -difference (I-V) analysis of MEA (example 1) which has z inclination cathode in 
comparison with the contrast MEA which does not have z inclination cathode is shown. 
[Drawing 6] 

Another I-V analysis of MEA (example 1) which has z inclination cathode compared to Contrast MEA is 

shown. 

[Drawing 7] 

Normalization I-V analysis of MEA (example 1) which has z inclination cathode compared to Contrast 
MEA is shown. 
[Drawing 8] 

I-V analysis of both MEA(s) (example 1) which have MEA which has respectively z inclination cathode 
compared to Contrast MEA, and z inclination anode is shown. 
[Drawing 9] 

Analysis of MEA (example 2) which has z inclination cathode in two different restoration compared to 
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Contrast MEA is shown. 
[Drawing 10] 

I-V analysis of MEA (example 2) which has z inclination cathode compared to Contrast MEA is shown. 
Compensation potential analysis is also offered. 
[Drawing 1 1 ] 

It is normalization I-V analysis of MEA (example 2) which has z inclination cathode compared to Contrast 
MEA. 

[Drawing 12] 

It is I-V analysis of MEA (example 3) which has z inclination cathode compared to Contrast MEA. 
[Drawing 13] 

It is I-V analysis of MEA (example 3) which has z inclination cathode compared to Contrast MEA. 
[Drawing 14] 

It is I-V analysis of MEA (example 5) which has z inclination cathode compared to Contrast MEA. 
[Drawing 15] 

Although it has a catalyst, it is field emission scanning electron microscope (FE-SEM) analysis of the 
reference electrode matter which does not have a vacuum evaporationo-ized z inclination band. 
[Drawing 16] 

It is FE-SEM analysis of the electrode which has both 5 A (0.001 mgPt/cm2) restoration of a catalyst and z 
inclination band. 
[Drawing 17] 

It is FE-SEM analysis of the electrode which has both 50A (0.01 mgPt/cm2) restoration of a catalyst and z 
inclination band. 
[Drawing 18] 

It is FE-SEM analysis of 500A (0.1 mgPt/cm2) restoration of z inclination band. 
[Drawing 19] 

In order to prepare a sample, it is XRD analysis of the sample (example 6) of this invention wfiich used EB- 
PVD serially. 
[Drawing 20] 

In order to prepare a sample, it is wide scan XPS analysis of the sample (example 6) of this invention which 
used EB-PVD serially. 
[Drawing 21] 

In order to prepare a sample, it is high-resolution XPS analysis (platinum field) of the sample (example 6) of 
this invention which used EB-PVD serially. 
[Drawing 22] 

In order to prepare a sample, it is high-resolution XPS analysis (ruthenium field) of the sample (example 6) 
of this invention which used EB-PVD serially. 
[Drawing 23] 

In order to prepare a sample, it is XRD analysis of the sample (example 7) of this invention using EB-PVD 
serially accompanied by use of IBAD. 
[Drawing 24] 

The experiment equipment for multi-target sputtering of this invention (example 8) is explained. 
[Drawing 25] 

In order to prepare a sample, it is ED AX analysis of the sample (example 8) of this invention which used 

sputtering. 

[Drawing 26] 

In order to prepare a sample, it is XRD analysis of the sample (example 8) of this invention which used 

sputtering. 

[Drawing 27] 

In order to prepare a sample, it is wide scan XPS analysis of the sample (example 8) of this invention which 
used sputtering. 
[Drawing 28] 

In order to prepare a sample, it is wide scan XPS analysis of the sample (example 8) of this invention which 
used sputtering. 
[Drawing 29] 

In order to prepare a sample, it is XPS analysis (platinum field) of the sample (example 8) of this invention 
which used sputtering. 
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[Drawing 30] 

In order to prepare a sample, it is XPS analysis (platinum field) of the sample (example 8) of this invention 
which used sputtering. 
[Drawing 31] 

In order to prepare a sample, it is XPS analysis (ruthenium field) of the sample (example 8) of this invention 
which used sputtering. 
[Drawing 32] 

In order to prepare a sample, it is XPS analysis (ruthenium field) of the sample (example 8) of this invention 
which used sputtering. 
[Drawing 33] 

The polarizability ability about the membrane electrode assembly indicated in the example 8 which includes 
the vacuum evaporationo band of the platinum for contrast is shown. 
[Drawing 34] 

The polarizability ability about the membrane electrode assembly indicated in the example 8 which includes 
the vacuum evaporationo band of the platinum for contrast is shown. 
[Drawing 35] 

The polarizability ability about the membrane electrode assembly (example 8) which has the 2 metal 
vacuum evaporationo layer of this invention is shown. 
[Drawing 36] 

The polarizability ability about the membrane electrode assembly (example 8) which has the 2 metal 
vacuum evaporationo layer of this invention is shown. 
[Drawing 37 ] 

It is ED AX analysis of the sample (example 9) of this invention prepared by sputtering. 
[Drawing 38] 

It is ED AX analysis of the sample (example 9) of this invention prepared by sputtering. 
[Drawing 39] 

It is EDAX analysis of the sample (example 9) of this invention prepared by sputtering. 
[Drawing 40 ] 

It is XRD analysis of the sample (example 9) of this invention prepared by sputtering. 
[Drawing 41] 

It is XRD analysis of the sample (example 9) of this invention prepared by sputtering. 
[Drawing 42] 

It is XRD analysis of the sample (example 9) of this invention prepared by sputtering. 
[Drawing 43] 

It is EDAX analysis of the sample (example 10) of this invention prepared by sputtering. 
[Drawing 44] 

It is XRD analysis of the sample (example 10) of this invention prepared by sputtering. 
[Drawing 45] 

It is EDAX analysis of the sample (example 1 1) of this invention prepared by sputtering. 
[Drawing 46] 

It is XRD analysis of the sample (example 1 1) of this invention prepared by sputtering. 
[Drawing 47] 

It is XRD analysis of the sample (example 12) of this invention serially prepared by EB-PVD. 
[Drawing 48] 

It is wide scan XPS analysis of the sample (example 12) of this invention serially prepared by EB-PVD. 
[Drawing 49] 

It is XPS analysis (platinum field) of the sample (example 12) of this invention serially prepared by EB- 
PVD. 

[Drawing 50] 

It is XPS analysis (ruthenium field) of the sample (example 1 2) of this invention serially prepared by EB- 
PVD. 

[Drawing 51] 

It is XRD analysis of the sample (example 13) of this invention serially prepared by EB-PVD. 
[Drawing 52] 

It is wide scan XPS analysis of the sample (example 13) of this invention serially prepared by EB-PVD. 
[Drawing 53] 
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It is XPS analysis (platinum field) of the sample (example 13) of this invention serially prepared by EB- 
PVD. 

[Drawing 54] 

It is XPS analysis (ruthenium field) of the sample (example 13) of this invention serially prepared by EB- 
PVD. 

[Drawing 55] 

The polarizability ability about the membrane electrode assembly (example 13) which has the 2 metal 
vacuum evaporationo layer of this invention is shown. 
[Drawing 56] 

The polarizability ability about the membrane electrode assembly (example 13) which has the 2 metal 
vacuum evaporationo layer of this invention is shown. 
[Drawing 57] 

It is XRD analysis of the sample (example 14) of this invention accompanied by use of IB AD serially 
prepared by EB-PVD. 
[Drawing 58] 

It is wide scan XPS analysis of the sample (example 14) of this invention accompanied by use of IB AD 
serially prepared by EB-PVD. 
[Drawing 59] 

It is XPS analysis (platinum field) of the sample (example 14) of this invention accompanied by use of 
IB AD serially prepared by EB-PVD. 
[Drawing 60] 

It is XPS analysis (ruthenium field) of the sample (example 14) of this invention accompanied by use of 
IBAD serially prepared by EB-PVD. 
[Drawing 61] 

The polarizability ability about the membrane electrode assembly (example 14) which has the 2 metal 
vacuum evaporationo layer of this invention is shown. 
[Drawing 62] 

The polarizability ability about the membrane electrode assembly (example 14) which has the 2 metal 
vacuum evaporationo layer of this invention is shown. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 4] 
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[Drawing 7] 
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[Drawing 8] 
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[Drawing 14 ] 
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[Drawing 15] 
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[Drawing 16] 
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[Drawing 17] 
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[Drawing 1 8] 
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[Drawing 27] 
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[Drawing 29] 
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[Drawing 30] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 26 of 58 



i 1 1 1 1 "I 1 r 




I i i i i i 1 1 1— 

8888*88888 

sp 

[Drawing 31] 



http://wAvw4.ipdl.ndpi. go jp/cgi^ 5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 27 of 58 




JP,2003-502829,A [DRAWINGS] 




[Drawing 33] 



http ://www4.ipdl .ncipi .go jp/cgi-bin/tran_web_cgi_ejj e 



JP,2003-502829,A [DRAWINGS] 



Page 29 of 58 



mt)W&. P/mW cm 2 
o o o o o 

o oo to -tf- CNl 




[Drawing 34] 



http ://www4. ipdl .ncipi .go jp/cgi-bin/tran_web_cgi_ejj e 5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 30 of 58 



tB*«fi. P/mW cm 2 

o o o o o 

O 00 tO -sj- CN 

ID *t ro CN O _ 

ii it o 




nftrt^yzjvib, e/v 

[Drawing 35] 



http :/ /www4 . ipdl . ncipi . go . j p/cgi -bin/tran_web_cgi_ej j e 5/2 4/2 006 



JP,2003-502829,A [DRAWINGS] 



Page 31 of 58 



P/mW cm 2 




lO 

to 
o 



._ UJ \ 
\ CD CXI 
TDK \ LO . 

*— e w |i 



O 

BE<«d> V 



1 



[Drawing 36] 



http ://www4. ipdl .ncipi . go jp/cgi-bin/tran_web_cgi_ejj e 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 32 of 58 



li^Sg, P/mW cm 2 




o 

< 

e 

\ 



m 



CD 

ro 

Ll. 



fill] 



UJ 

LU *j£ o 
11 



ULi 
05 



|> o 

•K 00 
V 

LO 



O 

LO 

r— 

\ 

cn 

!L 

\ 

•R 
\ 

»' t 



to 

Dl LO 
CD CO 

r\ 

\ CnJ 
CD • 
CO 

II I! 

J I 

\ \ 

1 I 
~> ^ 

CL LL 



[Drawing 37] 



http://wv^4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 33 of 58 




[Drawing 38] 



http ://www4. ipdl .ncipi .go.jp/cgi-bin/tran_web_cgi_ejj e 



5/24/2006 



JP,2003 -502829, A [DRAWINGS] 



Page 34 of 58 




[Drawing 39] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 35 of 58 



T —r " 



CM 
O 

CO 

o 



1 1 I 1 



o 
It o 



o 



cof 



CO 
CO 

co m c 



ft O 

ro 




o 

CO 



CO 



[Drawing 40] 



http://wvw4jpdl.ndpi. go jpte^ 5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 36 of 58 




. o 

<0 



O 



CD 
1 

CNJ 



3 



"8 



[Drawing 41] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 37 of 58 



o 




[Drawing 42] 



ht1p://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 38 of 58 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 39 of 58 




[Drawing 44] 



http ://www4. ipdl .ncipi . go jp/cgi -bin/tran_web_cgi_ejj e 



5/24/2006 



?003-502829,A [DRAWINGS] 



Page 40 of 58 




JP,2003-502829,A [DRAWINGS] 



Page 41 of 58 



ooo 

CO 

o 



04 




o 

CO 



* o 



o 

CO 



o 



CD 



.1 p 



: o 



[Drawing 46] 



http://wvm4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 42 of 5 8 




[Drawing 47] 



http ://www4 . ipdl .ncipi .go . jp/cgi-bin/tran_web_cgi_ejj e 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 43 of 58 




[Drawing 48] 



http ://www4 . ipdl .ncipi .go.jp/cgi -bin/tran_web_cgi_ejj e 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 44 of 58 




s/o 

[Drawing 49] 



http://www4.ipdl.ncipi.gojp/cgi-biri/tran_web_cgi_ejje 5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 45 of 58 



i 1 1 1 1 1 1 r 




[Drawing 50] 



http ://www4. ipdl .ncipi.go jp/cgi-bin/tran_web_cgi_ejj e 5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 46 of 58 



l 1 1 1 1 1 i I I I & 




s/o 

[Drawing 51] 



http://vmw4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 47 of 58 




JP,2003-502829,A [DRAWINGS] 



Page 48 of 58 





http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 51 of 58 



«A«8. P/mW cm 2 



o 
o 



o 



o 



O 

to 



O 
CO 




o 
o 
o 



o 
o 

CO 



o 
o 



o 
o 



m&tii'ryzJvib. E/V 



o 



§0 



to 

LO 



uj; 



Jjfc 



CO 
CO »— 

w II 

X 

I 



Q- f> 
bo 

o Y 
II =i 

LO 



\ 
'J- 

I 

"V 

i\ 



[Drawing 56] 



http : //www4 . ipdl . ncipi . go j p/cgi -bin/tran_web_cgi_ej j e 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 52 of 58 



P/mW cm 2 




o 
o 
o 



o 
o 
co 



8 < 



o m 



CD 
lO 

CD 



o 
o 



o o o < 

mitii7Kx>L/^JU. E/V 



4* 

(iiKuj 



\ LO 

o 



Q- f> 

bo 

o V 

f CSJ 



I — 

\ 

LO 
CO 

II 

f 

co \ 

" f 



.5? x 

Q.LO 
O CO 

CO — 

II II 

jL IL 
I I 

\ N 

J I 

CL UL 



[Drawing 57] 



http://vmw4.ipdl.ncipi.gojp/cgi-bin/lran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 53 of 58 




2 



o 

IO 

— in 

CD _> 



o 
o 
to 

CM 



S 

to 



s 

o 



IO 



[Drawing 58] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 54 of 58 




[Drawing 59] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 55 of 58 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,2003-502829,A [DRAWINGS] 



Page 57 of 58 



HflSK. P/mW cm* 



o 
m 



o 
m 



o 
cn 
to 



o 

CO 
CN 



o 



i — I — tl Ql- II 




IL 
I 

hh II n ■ 



o 
o 

CO 



o 
o 



o 
o 
CN 



O e 
O o 
O 

< 
e 

\ 
o ._ 
o 

00 

w 

o m 
o HI 

CO M 



o 
o 



o 
o 

CN 



CO 



*2 



o o 



^ : CO 
[LU\ 

CD CNJ 
-wv w CD « — 

iu & S w I" 
<„ r< cl f> ^ 

SSg— ' ll a £ 
BiK uj __i £3 u_ 



[Drawing 62] 



http ://www4 . ipdl . ncipi . go .jp/cgi-bin/ tranwebcgiej j e 



5/24/2006 



JP.2003 -502829, A [DRAWINGS] 



Page 58 of 58 




CM 
<X> 

Ll. 



UJ 



LU 



O O O 



o "R no 

II =i 
HiKuj_iK3 



(J S. lO 

moco 
i — co \ 

CD O • 
CD CO * — 

II H !l 

IL IL IL 



oo 



-5=3 



I i 

J i 



7\ 

\ 
X 
I 

hha.LL 



[Translation done.] 



http ://www4 . ipdl .ncipi . go . j p/cgi-bin/tran_web_cgi_ej j e 



5/24/2006 



JP,2003-502829,A [] 



Page 1 of 2 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



WRITTEN AMENDMENT 



[Procedure revision] 

[Filing Date] January 9, Heisei 14 (2002. 1.9) 

[Procedure amendment 1 ] 

[Document to be Amended] Specification 

ltem(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

'ciaim(s)] 

[Claim 1] It is electrode-film combination and is the following. : 

[n at least one reagin diffusibility electronic conduction nature electrode and row which include first at least 
3ne metal [ activity / in catalyst ], and at least one ion conductivity polymer 

[t is the combination which includes at least one ion conductivity film in contact with the electrode which 
forms an electrode-film interface field, and include and put together at least one band where an interface 
field has the band thickness of about 3A - about 5,O00A including second at least two different metal 
[ activity / in catalyst ]. 

[Claim 2] Combination according to claim 1 whose band thickness is about 50A - about 1,500A. 
^Claim 3] Combination according to claim 1 whose band thickness is about 150A - about 500A. 
[Claim 4] Combination according to claim 1 these [ whose ] a band is the same metals including second at 
least one metal [ activity / in catalyst ] including first at least one metal [ activity / in catalyst ] for an 
electrode. 

^Claim 5] Combination according to claim 1 these [ whose ] a band is not the same metals including second 
at least one metal [ activity / in catalyst ] including first at least one metal [ activity / in catalyst ] for an 
electrode. 

[Claim 6] Combination according to claim 1 in which a band contains the second multilayer metal 
[ activity / in catalyst ]. 

^Claim 7] Combination according to claim 1 whose electrode restoration of the first metal [ activity / in 
catalyst ] is about 0.02 mg/cm2 - about 0.5 mg/cm2. 

Claim 8] Combination according to claim 1 in which a band contains at least three different metals 
[ activity / in catalyst ]. 

^Claim 9] Combination according to claim 1 in which a band contains platinum and a ruthenium. 
^Claim 10] Combination according to claim 1 about which the film has the thickness of about 3 microns - 
ibout 75 microns. 

^Claim 1 1] The number claim 1 publication whose film has less than about 30-micron thickness and a larger 
3urley number than 10,000 seconds should put together. 

^Claim 12] Combination according to claim 1 in which the film contains the porous polymer into which it 
sank by the fluoro ionomer. 

^Claim 13] Combination according to claim 1 from which second at least two metal [ activity / in catalyst ] 
becomes an alloy mutually partially at least. 

Claim 14] Combination containing the porous polymer into which the film has the thickness of less than 
ibout 30 microns, and it has a larger Gurley number than 10,000 seconds, and sank by the fluoro ionomer 
according to claim 13. 

Claim 15] Combination according to claim 1 and the membrane electrode assembly which includes at least 
Dne additional different electrode in contact with the film. 

Claim 16] The fuel cell which includes at least one membrane electrode assembly according to claim 15. 



l ttp : // www4 . ipdl . ncipi . go . j p/cgi -bin/ tran_web_cgi_ej j e 



5/24/2006 



JP,2003 -502829, A [] 



Page 2 of 2 



[Claim 17] The transportation vehicle which includes at least one fuel cell according to claim 16. 
[Claim 1 8] It is electrode- film combination and is the following. : 

In at least one porous conductivity electrode and row which include first at least one metal [ activity / in 
catalyst ], and at least one ion conductivity polymer 

At least one ion conductivity film in contact with the electrode which forms an electrode layer interface field 

It is the combination to include, and include and put together at least one band where an interface field has 
band restoration of about 0.001 mg metal / cm2 - about 0.7 mg metal / cm2 including second at least two 
different metal [ activity / in catalyst ]. 

[Claim 19] The fuel electrode which includes that it is the fuel cell which includes at least one additional 
different electrode in contact with combination and the film according to claim 18, and band restoration is 
less than two 0.4 mg/cm. 

[Claim 20] Combination according to claim 18 whose band is a vacuum evaporationo band. 

[Claim 21] Combination according to claim 20 in which a band is vapor-deposited by physical vacuum 

evaporationo. 

[Claim 22] Combination according to claim 20 in which a band is vapor-deposited by electron ray physical 
vacuum evaporationo. 

[Claim 23] Combination according to claim 20 by which a band is vapor-deposited by ion beam auxiliary 
vacuum evaporationo. 

[Claim 24] Combination according to claim 20 about which a band includes the continuation vacuum 
evaporationo band of a catalyst metal. 

[Claim 25] Combination according to claim 20 in which a band is vapor-deposited by chemical vacuum 
evaporationo, physical vacuum evaporationo, and heat vacuum evaporationo, cathode arc vacuum 
evaporationo, ion sputtering, ion beam auxiliary vacuum evaporationo, or jet vacuum evaporationo. 
[Claim 26] Combination according to claim 1 8 whose catalyst-restoration of combination is less than [ about 
0.8 mg metal / cm2, or it ]. 

[Claim 27] Combination according to claim 18 whose catalyst-restoration of combination is less than [ about 
0.6 mg metal / cm2, or it ]. 

[Claim 28] Combination according to claim 18 whose film membranous thickness is less than [ about 30 
microns or it ], and is air impermeability and whose band restoration is less than two 0.4 mg/cm. 
[Claim 29] Combination according to claim 1 8 which furthermore includes at least one catalyst-ized gaseous 
diffusion medium. 

[Translation done.] 
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[IS** 7 4 ] » * ,J v * * *« s n*is** 7 
o E«oat*. 

[IS** 7 51 •* f ft0.01 ngA«/cn!~ft0.7 ng&^/cn? OH ?E***l 

i-*is**7 oie©o^-&*o 

[IS** 7 6] « * f &3 O - A -165. 000* >^H3-A«i 

If IS** 7 0iB1ftwffl'£~£° 

[IS** 7 7 ] J§*«ft50* > b n - A -ftl. 500* VifT- h O — AO 

nif £*ri-*is**7 oiEmoa^c 

[IS** 7 8 ] «***J50* V b D - A ~*t500* > 7* h n - A Of 
If Sr^-f *IS**7 0 fEfSwa-g-^o 

[IS** 7 91 BS^I^SWS^S^^*^^** 651 ^*'' 4 
^IS**7 oietwa^o 

[IS** 8 0 ] 5 * n ± tTlCOOO^J: v»Q 

U > £-&*>»** 7 0 SEffcW&<t-£o 

[IS** 8 1] k«>3 0«>*3t**«*r*tf»*a7 0IE1SO 

[IS** 8 2] &£^ + <7)1-^TOft£Jlrt f m©^#®K**^** 7 ° 

[IS** 8 3] ? * 'J vySW*^**** 1 **^ • 

us**8 4] »w<fc*atti-*fc*^«*^ w ^* >e * tt * y " 7 ~° 



(g) #5i 2003-502829 

-7 - ^g^mrtfe * -effl v to o ^ r -t > ■/ - r- * o t . 

T-f/^'J -o 

o 

[1**318 7] 5 p P rtJ5CO»cJ:***«l&«:MlS*»-fc»'fr'*0-»* fc,i 

' O 

[1**318 8] 5 ppnWCO»=J:***tt»*ifcS*»-fc*«-l*0.25Sfcli 
**U3IT«X 50 pprri7)COlCi**^*&«rife^^^-&^ l4 0- 6047t,± - e " :il - J ' :l 

o 

[1**318 9] 5 ppnWC OKi *HSiifc*frfca6Sf fc«± 

>7<J -„ 

[1**319 0] 5 ppnWCOU J: <lfc»*»=0- fc ' 4 

[f**3!9 l] 50 ppn»COUJ:a**ttt&*ttSftfc**K0.85a:fc»i 
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[»**9 2] 50 F ptinCOizXZ*m&teiMZtltz)i l &\Z0.6Difzli 

[1S**9 3) 5 ppn<0C0UJ:ft**tt»*ttS*tfc*^li^4< t *3 
50 n*Vcn?<0, 50 pprrtT) C O K J It < t <> 150 m 

[1^9 4] 5 ppnW COU J: Sii^*'fr'*^4< fc *> 4 
50 mycn?<D, 50 ppirf9COCJ:4*««*«r«l**ifc*fr»=«*^*< * *> 200 m 

/vcniwo.6 vcomat*aE*a«-r*n*a8 sEttor-tv-ry-. 

[B!**9 5] 5 ppn«)C0UJ:4**«»*ifcSn.fc*«-«±^*< ^«>5 
00 n*Vcn?<r), 50 ppn«)C 0 C 1 **«ft***S«-fc»*Kli^* < fc 1 175 m 

>ycn?wo.6 vco*ai«**»ttl-*ill*Sl8 5ia«wr-t>y'J-o 

[||^9 6) 5 ppniOCOKJ:***tttt*iS3*fc**K^*< fc *> 3 
50 mVcn?<O0.6 Vf 8 5 EfW> T -fc > 7" 'J -. 

[«**9 7] 5 ppn(0C0»cJ:4*a{tt«&«:*Sft.fc*#^4< t <>4 
50 mVcniWO.6 VCO*at*a*rH«i-*«l*a8 5E«ort^7-'J-. 

[fff**9 8] 50 ppirf!)COKJ:***«»*liS*t*:*frK^ft< fc t 

150 vc«>wst»K*»tt-r *ts #a s siEHwr-t^yj-. 

[flt**9 9] 50 ppirf!>CO»=J:***«»**llS^fc»*^*< 4 
175 mVcn? O0.6 VC«>***K**fft1-*M**8 5E««T* >r 'J -. 

[W#jri o o] is**8 5E«w^8fcwKmffir-t>7'u-«r'a-&-r4 

[if** 10 1] IS** 1 0 0 E«OC0«^m?fe*S.-&1 _ 4^*^o 
[IS** 10 2] EITO : 

fcfjU-'K (i i) *!^< fct loo^*><5igtt^£-g-*5*:7-fc>7' , .)-!it 
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**v»ii (i i) *c»«*?.Tt 
ffig tc r -t > -r v n+fr h mmm r -t > r u - £ *j&-f * 

[in** io3] &j£i§fi£ s h i o 2 iemw^m*iT 
-t >yj -o 

0 4i r-tvru-SffMi^iWsi o 2ieKo^ms 

ibi**i o 5] T-tvr'j-ffm-fJbiH**! o 2um.<omm. 

1 0 2fS«<7)mm«iT-t>'7* , J -. 
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10 0 0 1] 
[0 0 0 21 

!i»j!.a**3SLtt»tr«»»*o i+iMF-JFjajPs testae* ^ 

j&*»±* fi£KLSE*t*U«V^V»o " FLEL CELLS" , Encyclopedia of 

Chenical Technology, 4'" Ed. , \bl . 11. PP. 1098- 1121 R*£ 

tf/h^IR*g<z>>t*!><oft®4rlS*Lrt:U •eLT&SL^tTv**,, 
[0 0 0 3] 

[0 0 0 4] 

*jc.*JHf- r*y7-*»KBMS»** (PEMFC) J T-** 

*infc-ft>e»tt#^-it*?>f*ssft«OTS 7 * > ^ ,J ~ (me a) 
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7.9 ^ (IP*> r«^*ia^^^J ("stacked")) *SJj£U#*o * 

MFCIi, jt»«fCt»»»il.T^*» s - Srinivasan et al . ; J. Pover Sourc 
es; 29 (1990) ; pp. 367- 387 ; H X CFFuel Oil System, LJ.MJ. Honen and 
MN Mgerva (Ed.) ; PI enum Press; 1993; Chapter ll*#!R3*tfcVt. 
[0 0 0 5] 

Hffl»ftPEMFCTI4, *t^©Xi4ittli. (7/-K) 
■C««W«t»KBMkS*i.*. *Mf«>«* (*v-K) flMtM, 

EMFCOSltitMKftoTV'S-owfljJili, 6S (flUtiWC) 

ftfHCttttttl*, ftft*WB£J:9ft&- Poirier et al.; J. Bectorchem 
ical Society, vol. 141, no. 2, February 1994, pp.425-430*#JSSftfcV». 
[0 0 0 6) 
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mm *&&-r t 

[0 0 0 7] 
[0 0 0 8] 

■C^JR^affi-T*- k-C*ofc. Ticianelli et al.; Journal of Bee 

troanalytical Cherri stry and Interf aci al H ectrocherri stry; \fol . 251 1*. 2, 
Septenber 23, 1988, pp. 275-295 *#J» #-&«tt*«M0 

fc««E©*ft**»iiW«ttffl*KaiLfcMEAf:«B*i , » mmm 

IBOSrinivasanOlSiXlCinif, i»*ft*«**^itLT, 
[0 0 0 9] 

|iljrfc*lft : *S#Wr^3, 274, 0 2 9f> S3, 492, 1 6 3^ S3 

, 6 1 5, 9 4 8*, »3, 7 3 0, 7 7 4f, S4, 1 6 0, 8 5 6t, S4 

, 547, 4 3 7f, S4, 686. 1 5 8*,'»4. 738, 9 0 4f, S4 
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, 8 2 6, 7 4 1*, SM, 8 7 6, 115*, 84, 9 3 7, 1 5 2f, #55 
, 1 5 1. 3 3 4f> i5, 2 0 8, 1 1 2t,»5, 2 3 4, 7 7 7f,g5 
, 3 3 8. 4 3 0*,g5. 3 4 0, 6 6 5*, *5, 5 0 0, 2 9 2t, «5 
, 5 0 9. 1 8 9*, «5. 6 2 4. 7 1 8*, £5, 6 8 6, 1 9 9**5*^ 
«5. 7 9 5. 6 7 2*«ia*« S&K, *BM#IHM . 

9 3 1, 1 5 2*. *5. 0 6 8, 126*, SS5, 1 9 2, 5 2 3*fc«fcU f g 

5, 2 9 6, 2 7 4*KfE|SS*l-CV*a 0 
[0 0 10] 

Hftli, #B«BP*5. 5 4 7, 5 5 1*, £5, 5 9 9, 6 1 4t*l^«5 
6 3 5, 0 4 1* (ifehar^) UlBIR$ilTV^ 0 fgSgttffljfcKIM LT l±, R 

UcjSj£-**WI±SIILV'o 
[0 0 11] 

£tffc*3|?3cRi::J: COtfWmW&ifeSiv -ftti, + 

<7)CO#g^l00 ppnvt l)fiv»fl|UI»*S*l*»^ teCSi»*4. ** 
(i, fi»«t**«:*L, J|t-^«e**fflV'*PEMFClc*v»T«Ft=M«-C* 

* 0 fl6oiw«**i:«it&<*«owii*»ftu -€-Lra«4Sia«:««i- 

[0 0 12] 

«±t»W3R»«rK, foi^ti, «*. If**-- •> A *a b\zto 
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100 1 31 

&®£mmmm£®>*m^*>*&^ * if *b£«f* 4, 430, 391-1 

,#4, 4 8 7, 818*, S55. 2 9 6. 2 7 4*, *5, 3 9 5, 7 0 4* 
&XTf%5, 7 8 6, 0 2 6ff#SSftTV>4. $ <b IC, M>ri t a«|(4, RF* 

" Aiodic Ocidation of Mthanol at a Col d-M>di f i ed PlatinumBectrocataly 
st Prepared By RF Sputtering on a <3 assy Carbon Support," , Eectrochini 
ca Ata, vol. 36, N>. 5/6. pp.947-951 (1991) #SS) . LfrLttVb, Zff> 

n>*»o***^rasn-cv»*. £-&i4K$&s*L-ci5<bi\ rf^»>t/ 

7" J0W<o s£«i£ l4fB« * f v v ' - 
[0 0 14] 

Sfcfc, *Btttt*5. 7 5 0, 0 1 3*14, JlWLtt** 
V oXS*t*Si W * 4 * > <s*ttRK 4 k cf < 1117 -t 

*3v>-CI4«#$ftt>»$:<<>o 
[0 0 15] 

fcBHSIMIU. 430, 3 9 1 tii^4, 487. 8 1 8*14 (CVshinsk 

yH) 14, hv h ,J y 
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* l * l<ww«*t -t v r - * fc KLtstL fc wir- 

o 

[0 0 16] 

*H#IMIi5. 8 7 9, 8 2 7fl3J:^5, 8 7 9, 8 2 8^14, **KJ: 
») *4 * * -#ffi#±0&«**0*S**«)«Lffl K J: OHM * *■* 

K*#«tt-C*4*>f^* -tiff ^ ,4 **** L * V ^® W| * JK * tt 

[0 0 17] 
[0 0 18] 

WK«*A**ftfe i IfJBftfcfcttSM E A KH LTiUK * ft»* fc v» * w fc trft 
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[0 0 19] 
[0 0 2 0] 

KiS1£fc&K«"&*x fcO.OOl nB&8/cn?~*b0.7 ng^/cn? ^it^C*^^ 
[0 0 2 1 ] 
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[0 0 2 21 
[0 0 2 3] 

XRttCWtSii*WMU*fr****. -?-«>iL-&-*>*li**KiU (i) «»« 

3*i&4>&< t * 19»l*Sittt, fcfctfC (i i) * *>«S«tt#y^ 
-TaW'fl:Sft.*Wl*lB-cM8k**1-*^*< loo-ft^ta* 
<bfi£i3> J: 9 U *iflin< 2oo»ft 

*«*#tr«»Ji* , ll l llfWl"P**** t *« 
[0 0 2 4] 

o«*«fl«**%«»i:*4iifl« , ciii*M< T*>-ry-t* 

tfo 

[ 0 0 2 5] 

(i) ^4 < t 4 l^O-f t >fi«tt# 'J 7 - i ft;*', *-W««Kl£iStt 
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hlf\- (i i) ^<tt loo-f *>e*tt«**tr7-fc>yy-Sf**«« 
U 

$f]3^ v^^. h o-A-iK)5,000*>^^ b D-A«3»i<W<:*'i"*^4 < t t 
2-oco^-w84^Un&1±'i^^ i b : * : KWUfi£* ; SJt«r^-^ <tU ocor-t 

>y.j-^±»c^5t-rs^ ::t, (i) r*>ry-*^±«> 

iKSft*, **v»ii (i i) **ffttjWfcr*«±KIS»Sft- *t:i«^e»7 

i§s wtt-fr* k i •) psa * n * mm® r -t > -7 'J - $ *ih o 

[0 0 2 6] 

£f!^m^07k¥8f**KMKSL£ft^iv^ ******* 4«M***R 

WftiiK, »I^l^i±« *-|J*uJtL-c, BttSttttA* * 
lfUl**AoW***Lfco BUM:****-* 
****** *ffll»1"* OU*»-C4v», ■€■ LTWi»l=JSttft****O f ^ * > 
e*tt»K IB K A» ft #B«* * + * »= flHt « * . 

[0 0 2 7] 

[0 0 2 8] 

me Ai$ x v^n.i&.n-mmwi 
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i$(±, *-^4?/»~m«i (lis 4^3) *»<bffi*r5"JJ*o Sffiti, 

1*3 i tfH2«>&** (*«3fcL) Ki"), **vMi**3fc.l:WW2« 
(W14L) CJ:9**S*t*2o«)**»«rtll#-r*. 
[0 0 2 9] 

13 214, -Hi:»MiLT*iBf*4 1 ±3 J: rr-f * 

&2 *ffi«*«e0Ei4» fditf, ( i ) 

j:iras**ttswiiWMt* (i i) ■sj:o'm*«>*M«s*iiWWk * 

btfiz (i i i) mffii3 4 0 f KO*^H« : '&i-aS®43 4W f KOlifo*»c43»t* 

m&vwg. mzimme> tfv? ;^-) <?>#;U#<&teffli-4 im*o ^ 

TI4**#*fc4»i64fcl±»Sl**L»«. «*6*»^4< i *> 2 o 

[0 0 3 0] 

113 14, m®<0BrffiH»-4 1> *ftW<0#* Lv»— (0O*.I4\ 
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[0 0 3 1 ] 

19 4 It, *««o-iRM z ^ERRt«»«4t S i:«t. :oS*K*v>T 

^-RoiftK^-^R tom*fr Kx* Sft-T * »— K i * o BffM t: 
[0 0 3 2] 

[0 0 3 3] 

»J±, ffJL<li^> «*. If L*LflMM»». WitfT^a- 
[0 0 3 4 ] 
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silt:, ffiaaetfei:*- 

[0 0 3 5] 

•fkSii**Ktt4v» 0 «pC-*fb****l±, 5-100 ppmfcv»3ffiv»-BHtlft* 

*^4< kfc 2d^r<0M«fi5i:ffitt448tt*»S, 

U*4*^4< k i 2 o«5*-o«MI»CiStt«:4It4*1li. £*>**SS* 

v^ 0 *»0«tLTI±» 3. 4£4U f P/rgK4^2^#Sfc^#l**&^'^ 

-CI4. ff$L^*tLTIiPt-Ru, Pt-Sn, Pt-Co, Pt-C 
r> p t -Mo, P t -A 1 S-fctfP t -N i**»»ffe*t, St#2 LV»*L£-* 
14 P t — R ut-S)So 
[0 0 3 6] 

-&SS-CI4, 2oo&««9#4 Lv>ffi*fS14, t^f)*i:io-Cv>4. »4 
L<l*, **W=«« (fiT4<ITl) *>£&«**P t -R ui:£**4"C 

) CIS L"CI±x XO*li, W*.»«i>5%-tt60%, 3feCft£ftllO%~ftMO%, 

5c*-e* 4*RI44 < , trL^Pdfci^RhOiT 3=&S k L T 3 

[0 0 3 7] 

MitfPt-Sn-Os, Pt-Ru-Cr, P t - R u -M o 45 4 VZ tl h 
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[0 0 3 8] 

tt8fc|(*#o-CHv» fi&iS«lS*^'±««»i, E- 

TCK Inc. (Nhtick, Mss) i fcliH ect rochem Inc. bWbiX&o 

10 0 3 91 

10 0 4 0] 

* v >« S i» J: t>lS-ttt 4 *: 4 J: 0 ft « S *»■ * *B * *= 14 
*)&.iti. ifziifrcbnn&o 

[0 0 4 1 ] 

kb« xsais& i ire** 1 ****.* * ? *«za»?LS 
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[0 0 4 2] 

^5,211,984^^^5,234,777-^ (Wl son) tl t>0£tSl*3§^ #S?-K<t 

*»*'fk#?Ltt«*«±» «»*»T-t > r y - t«»i«7 k** txffis 

$nT, Jte&7-< A-AOfc*i>0*"Al£t(C*»*3g*i"*« L^Lfc* 1 ^ Wlson 
[0 0 4 31 

10 0 4 4] 

S#K5g (expanded) * tz »±#7Ltt# 'jr h 77)^OXf m&»J» 

) »cJ:«)W«Sii»*. 
[0 0 4 5] 

40 g<02 -* f-^V- 1 -T'D t';VT^=i-JV*<755 g<0*---H>7"9 * ? -£ 
& (50gfi%) tS^ (NS Oienicat Cb. ) <95-ffci££fS§S1~ 5H*?£^ 9Rfi 
% 7 -r * > (3£^iS^) ^;v7;>*n^;l/*>|gtfJB|[ (DiPom) 

zs-g-Lr. 5oRg%^^>xm^Jtfc«ty f 5oKfi%*-**>^5^^ffi^a^w 

#»»#'Jf F97*tnxfl/>tSi»7<*A (Ii*-l6/im: ?L^»94 
% ; I BP0.12 kg/cn?) Ir^g-r^o JlKCi 0**i»*t*. 
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- [0 0 4 6] 

:(7)fftAii> m*-tf'J?%<£ i>25S&%<r>t&M (*-r//77^-6S) 

o 

[0 0 4 7] 

flf £|5>3 5 *u>-&305 *n> N #2 L<*itt5 5 *n>--fa20**n><Ol** 
[0 0 4 8] 

-1*95% -c* $»* 0 >fvyD^v-^taa^^ (ibp) ^m^sjxae 

*?L^"fXt±, ffllx.tfft0.05 kg/cn?-ft0.5 kg/cn?. »4L<Jift0.05 kg/cn? 
-&0.3 kg/cn? -e*l3»*o fe£*>*l*. ASTM F316-860¥*£K J: *> 

[0 0 4 9] 

^•fiO, ffljx.tfft0.01 ng/cn?-ftl ng/cn?. » 3 L < tfftO. 02 ng/cn?-ft0.5 
nB/crn\ S'bKSPS L< I±ft0. 05 ng/cn?-ft0.4 ng/cn? OlS4i«5fcW**1"*o 
*?2L<tf, ^ft-tfftO.3 ng/cn?*WC** 0 »* L < l±*-M E A <Dtz*><»& 
®M3Zmt. ft0.6 5 ng/cn? £ U»4 L < tfftO. 2 ng/cn? *m^*>Z> 

o 

[ 0 0 5 0] 
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Slitttc, P!lx.l»^f fcliV I I iHtit* 1 )^. #^<7)«3i: LTI± 
x Pt, Pd« Ru, Rh> Ir, Ag> An, 0s> Re, Cu, Ni> Fe 
v Cr, Mo* Co, W> Mn, A 1 , Zn, S n *«gff hix. ft* Lv>£gl± 
NU p d, Pt?*D, Lv^liP t X-hZ>„ *) . ffl&<Ote 

( Al, Na, C r^J:tTSn«)X-54tttt!**J:0 f IEa»ltffftt»4. ««• 
[0 0 5 1 ] 

ffii.HT-'^* > (Mil can) XC72 (ifr200 ni/g) 
2 tzl±yy y (Hack Pearls) 2000 (&J1000 n?/g) (Cabot, Boston, 

Mss.) (C:h.<bti^0.35 nB/cn<0Sffi®«3t*K** LTift20* > ^* f D - A 

~ftsot>/^ hn-A«5t-f xoetoa? t*«sn4) 

o 

[0 0 5 2] 

S^SMiKWffilc, m^ii> K^<0SffiO«tt*5kAL, f!4&fUffl £*g*1" 
tt*R* 1 , mm (i) *4 a 1 . H-w-*w<k*»n—tt 
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£JBv*Wf»*, (i i i) L 

[0 0 5 3 J 

(PFA) i?zl±T h 77;vtnxf l/>/A^7J^nyD tf 
W>=i*-i;v- (FEP) ^tf^tL>& 0 i<OVy^kiBR*tt»BS:*»*i, ^® 

[0 0 5 4] 
[ 0 0 5. 5 ] 
[0 0 5 6] 

m 

[0 0 5 7] 
[0 0 5 8] 
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*ft $ ft * #?L14 4 fc liffifl"*S# 'J * I- 7 7 ;v * d if- u > «>dM « a* . 
B*0-f «A»*7l^5*> (Asahi Qass) "bffiV»<b*L 

it50irley& (> 10.00080 S ft* * 5 »=. ^SWl-i-^T (>90% 

) ©mBHUHM*** flili^BHSIMSS.MT.SSl** $5 

,635, Ml*** 1*1155, 599, 614* (Bahar^) (£ it Wlfi^rt^li, #«Ki«) 

*^ffl#+t^4tL4) »c8MS£ftTv>*„ Ztib<0ft$?l±, Rtt#&££U f R 
[0 0 5 9] 

Wis a^WJ^JS'CWL Gbre and Associate, Inc. (Hkton, M3) #>*bA#oJ 
tt-C*4. iOiHMli, 35%-fc "»**v»imJE**i-*- »SL<i±> # 
?Lffil±> ^70%~95%-c-**o #7Ltt«*fflffiiS(i, ( i ) 7 <r V'J >McJ: »>*:§: 
JMfrSftA/hR, *fc«± (i O 7-f7')mtLfl4. 
[0 0 6 0] 

^KM-f &¥*£iffl?tfll±> «*.lf*&0.0S5 * D>~i&0.4$*n>-C£>l9*# 
*o ffl?Lfta-*««» «AIX«J1.05-»1.20-C*»>»*. «l?L&iH£l*> Cbulte 
r Eectronics, Inc. (Haleah, Fl) §?WCbulter Poroneter (1S8S) * ■? * 
3ft*. Cbulter Poroneter li. A S TMgliSSV>VM298-89»C|B«$ 
^ft*ffl^T#5L14^4 J <0*i?LSS-*Wii!)?P. l J^«'««1"*StffT-*)4o Poro 

ip*>, «fe/^^Ia7LSc:S*«B?LSwH^c^it^^:•M* I ^cv^t 

*) „ Poronxterli, SF*S>«*H?l« t **+ * . 5e*UJ:*), 7^^-4:14 
[0 0 6 1 ] 

SSQirleySc**, lUHLTIiftS Lv> 0 Oirl ey£*t%Rttl*. 100 ccOffiA* 1 
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Oirley Efensoneter (ASTM D 726- 58) T'4. 88 >f 1 * + 

Offc&*iI*B#H (SO fcffllSE* 4. UMU. H36*MU«*»*t4o *KPWi# 

[0 0 6 2] 

>*jfS, L< l±ti50S ^d>*js x , $e>U#iL<«±#!30 5*nv 

* « * * * -r * * s -e* & o 5 ? n > & x n&mfim t »* l 

tfflx. Johannes Kafer Co. Mde! N>. F1000/302<O £ 7 tt^h-Y- 

o 

[0 0 6 3] 

SfeUBtlix ]SH »* L< littS. 5 nhos/cirf-fc »>*Sv», $ f, K 

»3 L< I±*b22 nhos/cn? i »)*§Ht ■<?*«. W *>fis»K»i, P 

aiico 9ioo-2iaK«t*tfflv»TSWi**x»4. ^sssiii« 25t:<?)^iar-«# 

^WcltJUSfwS^e.S^fco j§*ua:«><b:h.fcOli, Kat&SU l"K 
elvinj 4**9I£&£J: t)*fffr»5Si-4rt:*Kffi<' , fe*t* 4O0)-/D-rT 

v»fc. 5fet\ a»fK«-«»*fl l *'i*t=» u *«>*s 

[0 0 6 4] 
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[0 0 6 5] 
[0 0 6 6] 

# KjJt LTI±, WL Gbre and Aisoci ates. Inc. (Bkton, M>) rt* 

^A^bE^ocr&shlbct (iffil) kLTtta»*«)* , *»1'6ii*. 

[0 0 6 7] 

o 

[0 0 6 8] 

*tt, WW, WLttisJiimilMMfctarL***:** 

■C*4 tv^*>itTl44v>„ S<bK, f ISiffiro-f t Xflt* 'J -7 - 1 i 

»-j-*ntKi±, ^^>e*tt*''j-7-i4m^wsffi^ : s :: ttt?#-5.o 2o«-f*> 



(32) 



2003-502829 



10 0 6 9] 
[0 0 7 0] 

0.6M •C«5*aE*flE (niVcn?) * Lt * KHtfj (p = lxV) 
[0 0 7 1 ] 

mai^SEKiJ't**!!**/**** (A) 

, fteot:~^8ot:, »4L<i*ft65'C-e**'<S-e**. so**?** 
D-A)io^ificiau-c33%iB* s am5*i-&*&^ coRjti±fto.7-c*& (f* 

iWRJtlift0.9-C*4. 5r//^n-i3-f^ >^(CM 

L"C113%m* f aaiSftfc*^ Rli22J: (22.6) . ^flK&X., 

L<ti5«fc9*#v\ s^,u»4L<lilOJ:i)*6v», £ <b U»* L < Ii20«t *) 
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[0 0 7 2] 

©■riHMf*tL#L»*. H«M 

*a«-Mo#no«*»±, asoAow**^*) 

[0 0 7 3] 

4 l±*ii* * ft 4 *WMt*>3* > h o - A ~£>475* >jr*bn- 
* h D _ A ^ 50 * v ^ b n - A "C* 9 #4 c &475* V^fn-AiU* 

[0 0 7 4] 

y^FD-A ~*(,5. 000* >/XhD-A, »K*J30* >^hn-A-»l,5 
00* > h n - A , ? (b fctfttfclSO* ^3FO-i -ftSOO* > ^ h n - 
AT* 

[0 0 7 5] 
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b LTIi, ft0.0006 ng/cn? ~£)0. 12 ng/cn?, #l-£j0. 0007 ng/cn? -£>0. 09 ng 
/en?, £ <bCl$K0.001 ng/cn?~£>0.05 ng/cn?, $ h 005 ng/cn? - 

SO. 02 ng/cniA^f fc*l4. 
[0 0 7 6] 

£*i.*#*o m^<omm±. «x.tf3A~5,oooA» wksoa-lsooa* 

»:i50A~500A-C*«)»4o ft£f£Btf, «*.tftt0.001 ng/cn?~£j0.7 ng/cn? 
, #U0.01 ng/cn? -SO. 4 ng/cn?, $ b\Zft \Z0. 02 ng/cn?~£>0.3 ng/cn? "C 

[0 0 7 7] 
[0 0 7 8] 

*a»*l*ScUtt, ft**** ttSSK** HHT-?^« 
*'J y^fei^^-V^-AfflK)^* (I BAD) *«^»ft>n& 
. &f( ! 2ti&-tZ>&X&/ftigl'<-Z ff >1>&l*- 9i» (J VD) -C*4 

o (#8!MKIil3.3 nPa5/-lil x lO" 4 torr^iS) *T-^*?iX-5> 

osjfci±*/M»K«*t»-&- *«*±»**tf, 2'j-*taauii'>xr3 

[0 0 7 9] 

afc»it<ii> m^f-A-fts^* (eb-pvd) tm^htih. mm 

[0 0 8 0] 
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8"blC H£*JZ-lft Llv\ 0|;tl*ftftft:¥£* (CCVD) roiHIl 
[0 0 8 1 J 

li, ffl*.iX&K, ^*^iJJ:0 r tS-Wfij!«fi<)i:ffi14<t&8W^«»cJ: »)#4e 
«it«±s fliUfWMfclHjKWHMWI (FE-SEM) K J: ») 

*„ SLT, X/t»y-*#l±, &§gS&ifc> «itfEB-PVDiD«ftf«t 
3t«tL#* 0 ttU, EB-PVDflf*»i, J: i9iSj£<7>S£®&*£*r^i-o #f&9§ 

o 

[0 0 8 2] 

«illfS*>^ ho-AO«#ttK*V»WJWP-Cli, m«l<75FE-SEM» 
WWU ******* *v»»|M*tti:Jt*tLrt:»*» *JM**«>*Sv»* f L*»L 

x. 1*50* > 1* o-A tV»-9J?V»H*-CI±, FE-SEMS-lflt ES*5>25 n 
nr-ftlOO nm ^(C*t)30 nnr-^70 ran 8 e>U#£fcS0 im0>S*&K«>**tt»= 
*««5/hBtWSL»*. taR 1*500* I-n-Arai § v»»*"C8 * 
FE- S EM**fl±, n%tt)&M'i^<Otel~> &tf&20 nnr-£)100 nm. 8 <b 
CftClftO nnr-^60 nm 1f K*J40 nirf) ttftt t^^i - * 

[0 0 8 3] 
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[0 0 8 4] 
[0 0 8 5] 

*r*r, ff4U<tt*#»c**L4i' , i^ »*L<tt*-««aiitttc«tt4 

ffili, *rW^JSSB.t!Hci5V>-CI±i^0. 1 ng/cn?5fcif§, 4f * L < Ii*-J0. 01 ng/cn? 

S <bK» t L < li^O.001 ng/cn? ^S-C* 19 »— Ofii^K) Cffitt* 

[0 0 8 6] 

*'*t!£ffcme?>-0!]l±> ELAT v'J-X (E-TEK. ,Inc, Nitick, Ms 
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«»usttftft«<o?R*iw«>*a«>**' 4 ' 5 * D> (0 - 001 ^ ~ 

&l,0005*n> (1 mri , S ?,U#Uft2505 * n > (0. 250 m>» -&7505 * 

d> (0.750 -e*»>»*. wttttfcjtv*****©*** 1 ** t "» v,1 « 

[0 0 8 7] 

«:o«tWTit. < t <> 2oo»=:«)»«ttciSttft***4*+* 

^i£<7)BP*l±, «jU*»3*>^*>n-A~tt5,000*>^*1-°-^ 
50* > h n - A -Hfcl. 500* « KWKftlSO* 

^Ipl±500*>^^. h D-A*it*i'liJ. 
[0 0 8 8] 

*-0**Si*-ett» IP***!*. «itf»0.001 ng/crf-^0.7 ng/cnK « 
CO. 01 ng/crf^ttO. 4 ng/cnK $ ?> C4#C0. 02 ng/cn? ~-#JO. 3 ng/crrf "C£> 1 

[0 0 8 9] 

i.l**KVXB®*r (X R D) jMfKi9*tt*ft»*. *e>c*fti±x**w 
=HHt (XPS) fl-WC**)******^ L*L«LT, XPS&li, «® 

[0 0 9 0] 
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fti, «ilf^*>e-A»tt3K# (I BAD) li. «-ftft*aasmilllfcK>K 
[0 0 9 1] 

[0 0 9 2] 

*><b-r* eax-tf (i) i •9i^v^m^s^*Rwmes-«i^B3*s^i»> 

0f|: ( i i ) j^»*fc3^*T»fc3 

[0 0 9 3] 

m e a a x vm$m.i&&&.& 
4. L*L»*«felB»*#-cii, «tti±*«jur-bvry-* ; pc4<**±K 
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[0 0 9 4] 

j*L»*. «jLtf^ltlB8t#tt-C«±, WitfELAT (««) < 

B-TEK, Inc., Nuik, ft fetfCC A R B E L («»««) C 

LtfXfrWte (WL Gbre and Associ ates, Inc., Bkton, M1*»P> A^tl) ** 

XxttWMUt* mUKi*). i oxtt**na±o*«» «*.«** 
ott««a»±, JWMIMW§*«tt<tU «*.« (i) #" 

^-v^hKiEs^-crartUft****^***^*"*"*^ fcfeinc (i i) - 

Ml&t* t ®m i WRfiMMtRJS * *T r Wfc** * £* + * »B«> * * * 
and asocial es, Inc.*feA#TO> * » 1" ^V^ftft* 

ftV^ 0 

[0 0 9 5] 

PR I ME A (SftOTO (^x.l?5000J3j:U J 5510->';-X«r^tf) fc LTBt 

&(7)MEA«>, WLGbre and A;soci ates, Inc. (Bkton, M$ ^•b.M^tfc-e 

[0 0 9 6] 

: (i) *tt*«BEJsJ:lfiS3^Kr*»fc»fl ! **+**« ,B ' ,B * 
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t>m&; zbiriz (i i i) #-9 7n>tbi3mi&* eax.i**'-*7>-rn^ m 

[0 0 9 7] 

itfl-fcifcl-. ^WMEAIi, Sl^KH-TSia^^l ngi^»)2,500 nA«t 
•)*§V>, »f t<»±ftfc^UtS1t<t^Sl ng=S^5,000 n^^*£v>84«# 

[0 0 9 8] 

^S^^^+tC&Stl-*) '- ( i ) " Hgh perforirance proton exchange nenbran 

e fuel cells w th sputter -deposited Pt layer electordes" , Hrano et al . 

; Hectrochinica At a, vol.42, I*. 10, pp. 1587-1593 (1997) I ( i i ) " Ef 

feet of sputtered filmof platinumon 1 ow pi at i num 1 oadi ng electrodes on 
electrode kinetics of oxygen reduction in proton exchange nenbrane fuel 
cells" , Mkerjee et al . ; Hectrochinica A:ta, vol.38, Nj. 12, pp.1661-1 

669 (1993) I (i i i) " Sputtered fuel cell electrodes" , Wber et al . ; 
J. Hectrochem Soc. , June 1987, pp. 1416- 1419 ; % h If \Z (i v) " Aiodi c 
oxidation of nethanol at a gold nodified pi at i num el ect rocat al yst prepa 

red by RF sputtering on a glassy carbon support" . H ect rochi rri ca Ata, 

\fol.36, N>.5/6, pp. 947-951, 1991., 
[0 0 9 9] 

[0 10 0] 
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***«-ci±, hiel4vmr»k -f*>g#ita (n^aMi. pem) i±, 

^20<^n><OW^-C*o/Co *@#^5.547,551-f-, $5, 635, 041^3 

HVtZS.SW, 614^" (Bahar^) (iilfe«E«I*J*l±» 9 

JHtx ;w+ (F1JEMCN (£»ffifll) , EW50) X~£m? 

SiStLZ-iSQirleyS (>10,000&) i3 i tfSH **ft*S»T 
^liOCRE-SBLBCT (g&iSfS) fcDflftt, WLCbre and Aisociates, I 
nc. (Hkton, M5) % A^oT^f* &o 
[0101) 

, ^*>{5iim*V^-i3J:U t ^&£'&"S'-t-&. 0-05 ngP t/crf-0. 

4 ngP t /cnJOlEH-Ci-Sa^JE^^^L/Co 
[0 10 2] 

(EB-PVD) HI i)*S4fc»±K036«±KlftB4fct±«E*Ufc 
o iO#j*-ei±, *fflMU»±6 in x 6 inT-*£g«£*£'J^ c t'<7)4.S*;l'^ 

g?2n) *<£>2in. x 2 in.*-0«*-C#t*99.95%«56*3'f >**»l- * 
o ^cU/hSiffilk^V/i^^riO- 4 torr^il! WLUS x 10" 5 torr) KSESfc 

[0 10 3] 
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ttT«5*ifc«l-3i3J:tJ f 5-Cli, ME AjWe««S8«=aLfc»U, I -V» 
[0104] 

[0 10 5] 

gOEL&v^Kt), MEAMSli, 25 cn?m®fSttK«; EL AT (SSiiSS) 
2f*t£ife*&# (E-TEK, Inc., Nitick, MfrbX^tfe) ; 200 1 b i n/bol t torq 
ue-C<OE»* ; 4 <b tmoUGBE TBCH (SftffiiD -3 > \£ »- * -«]»«»«** 

— .OME AOEffifcttflSL-fco 
[0 10 6] 

on?E»T-160t:-C-3»ra*lTL/Co U (JM«fcli*» 

[0 10 7] 

BUR L«c V'PJI I) . KffiNBAKI* z 43E«*W«#*E L fc ^A*r*v»-C, ttMWtt 

[0 10 8] 

^JStfiJ 1 

[0 10 9] 

50A 6 &=>--T-< (0.01 nB/cn?) *> E B - P V D Ci 1 Wtf-fcP 

TFE«S»*±UlA/»-C«»L*:. C^SKi *) ttfflt«**K±U 



(43) 



2003-502829 



^i££ffl^-t, (0.3 ngP t/cn?) *tt»«tD««*«U<**S 

-£fc„ LtztfiX, ME AO— DBI4, K/ttSJHBKafcozagEflftffctfLfc 

O 

[0 1 10] 

25 cn?©»ttii«**1-*WHMEA***» 25 cri ti%lH«*ff«feKIK* 
[0 111] 

0 psigfcitflS psigT-om?feE*fflv^-C, MEAffifefclfffiLfc. 0 psig® 
jfeffiUJK^M LT 14, -e-n-f *t20*Ci3 J: y f 55'C<OS^^DDil Lfc*^i3 J: 
£JBv>T, 60*C-C«jfe«:»ftUfw. 15 psigSifeEE^KM LTt4, 15 psigt-t 

W fc 3 ft -6 ffc*«MI<02i3 i m. 5^ £tt£ L /Co 
[0 1 12] 

11514, 0 psig-ecOME A^H-raa/romSfEtB^^W^SilbaJTJmEt* 

#BS-r-l4^820 mVctrfUiii'i^ofcW^^LT, #§§^WM E AI4UU1200 m 
Arcn?*^U.it (46% id) e 
[0 113] 

mmz. 11614, is psigmatucM-ta-r- s*>k, *ffi»«fi±> 

•C* * 7i J L *» L z £)E* V - K * L 4 V'ttSBKEAKH L T 14ft 1200 mV cn? U 
j§rfc*o*:«0U#LT, z43E*V- K«r#*i-*MEAI4t3(?1600 ittVcni 
ttC (33%ii) . IMStll6i:yn7 hSii-Cv* (p=I xV) « 
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[0 114] 

137 14. 15 psig*»KH-r**«tt*#*iStefl'*r**1 _ o KfirS1±»i. « 

») -Cfe*. K£?S1£*f£li, nA/ia4i«^6«P tl ng (IP*. 

tiWmt)ikl8.<0?zito<7>P tl ng) X~$>& B 0.6 Vfli, ^gS?lura-T-**7!» s L 
**Lz43BE*V-K***L4V'*tHHMEAKHLTtttt2.000 mVngP t 
3>»ofc<OlcJtL-C, z43E*V-K*ttSMEAIi, K «> 2, 500 m!V ng P 
t Sr±@att*-^Ufc (EP*>x 25%*B) o 
[0 115] 

0 8«±> z43E»««f«* t * V- Ki "J7V- KO-gSTifeofcO psig-COM 

*>3fc#*W^Lfc (0.6 vci2%ii) L**U5fc<l«iz*3E*V- K**i"* 
ME A lC|5II"^"-i) & 03 fc |S] Cti t'^c # < l±fc*»ofc. 
[0 116] 

Xltffl2 

ttt*. 3R*M(tai ngP t/cn?»**fc#l-fc. -RfiKHLttt, sg*iIS 
iio.2~o.3A/#-esoA«***ftLfc (a01 "B p t/crrf) ° o.iA/»«5«K 

TSrmStmSLT, 5A«**jldtUfc (0-01 ngP t/cn?) • WK»UHL 
Tl±, 0.05 n^cniO££*1tr*-f *m*£ (7V - H) *fflV,>fco 
[0 117] 

0 psigJSitttS psig-C<01EffeE*rffl<'^> MEAttffi*Se>CW«Ufc. 1" 
^TOStttUBBLT, 0 psigffc (>i:«8U 60*CO*jSKtnia Ufc*** i tf 

[0 118] 

m9i±, 0 P sigT-^m*aj*a:A*^i-o **bu«a»;«+*24o iwvcm*^ 
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(i) 50Ak*^BD-t*460 raVcn?^0 (92%*i) , LT (i i) 5As£*K 
mVcrrf-W (H3%ii) . 0.6 VT«>m»*8E<OiS:»a , «* 8 * 

[0 l 1 9] 

OmYcni^if**^ (95%*) , Vf-^«tI«KO«gMii^t<#ofeo B 

i oi±, is P sig-cwmSL«s^l-*?i«m7fe*-xv-> + ;vtLTw^i4t6 
v * /uoJtttK <fc •> , Hi Oil. MEAttfe»aA«±*v-Kttte«>S:S. (z^ 

o 

[0 12 0] 

Ell 111, 15 psig-CWWSttMEftiiSttfiJ:^***^*^****-*-** 
[0 12 1] 

jfcfl-Ki, 0.6 veM J m$*.tzmm.<o%)*-ki*. tJkttu-c, fttfcffl 

2»c*JV>-C*«UlS^o/:o 2 OMEAIi. ^l^MEAii) 

[0 12 2] 

-j-*. DC^hDV^^r^Ui^ *MkPTFE«»±rolS ( 
0.4 ngP t/crf) HE*0.127nm #LBL99.9%<0&&m®totLX 

ttL, *ffi/hS*8fiE*8 x 10-" torr»CffiU#Lfc. 10" 4 torr;fcil!§<S>X£ 

**£U ^U^W^UfcttSET/U^fcEfrLT* K*« x 10« torrlC±ff 
fz B 6fc3R»»Kli. 0 01 ng/criOfi*** (50A) SriUS"*"* 4"C5I#«* 
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?^-ftW (0.4 ngP t/cn?) 14, 7^-KtLT«U. 
[0 12 3] 

0 psigfcitflS psig-r-<7)mifeS*fflv,>-C, ME AtfctfefcWfii L£© 0 psig^ 

mmLtz^axi/^im^r, 7oic-c*»**f*L3to is P si g m?fe£*i£ 

^SEJ! * , * H-Pii-f k*««Mi02* £ tf3. 5te fcttfc L . 
[0 12 4] 

HI 2 14, 0.6 VC<D0 psigKMLT, ttSSMEAKK-r &820 mVcn?*t>, 
y #-1fcz45EME AKKJ-f-MOSO roVcn? ^<omS5tSJ£<£>5fe# (28%i|) im 

tbhtih^ttm-?* hi 314, is pS igmteJ±r-<DBMW,miimz7fi-r° *>< 

y KKWLTJi, 1200 mVcrri (ttB?.NEA) A»5i^7i'-ft*V- 

KUI»i-*1360 rtVcrf^O*8t*flE«)a* (I3%ii) a*R* 

, HJSCT3U43lt4%iil±. «t«2 TWSftfctWOi ^ C*i < 

tZo 

[0 12 5] 

SL/;. HftiRttKBt***!. 0.001, 0.01, 0. 05i5 £■ IFO. 1 ngP t/cn? 
T-*o^o Rw— WfcaUBLfc. tt«R*fe, MEAtBSLfc. 
[0 12 6] 

m*fBtM£KJ:>K BI±fc*-«>«*»fcffitt*£*0>* J * (50 A) *3&*L 
fc. P t/*M-fkPTEF*RUWLr!»ELr, P t?£#Slg*R 

SDHfclTTFEJltSltfU Uci'oT, Lfc50A P t 

Jf©W**»Lfc. *K« JftHSIfi^J: »>»fllEi6iD«« (0.3 ngP t/cn?) Srtt 
*S*T, *-MEAtBlfEt*. 
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[0 12 7] 

j|tio/:o TV- Kl±> 0.2 ngP t/cn?05E«*r*Lfco 
[0 12 8] 

0 psig«?fcE-C, »«tt*trfF«Lfco -t-tL-FfUVO psig-eory- Ffe-tlf 
*y- KOP***i-***E»»* Ho»#h^*TftiOO%*»ai!EUlMD 

[0 12 9] 

014li. — *i5J:lfZl*MEA^tttt*rS1"o 2 o^ME AR|-C«*S*tfc 

[0 13 0] 

FE-SEMM 

fffti-&«***$*v^««o--itttK«- (Hi 5) UMLT\ ftfctfKWI 
±fc3Rfc3:ftfcWfc&»tft*4:*"1"* 3^Sfi (HI 6 — 1 8 ) HBLT. F 
E-SEMWilTt^o HI 5 - 1 8i:HUIi, «*li20I&-C* 9 . 

0 15-1 8<±*^)fta»4t^*ofc 0 «*H»3&1±, W-fr3*«^« 

ttJ3J:lf*-f^*-««»cJ:9»8*t. *^0. 1 nB/cn?0?£i8 (500 A) 

TSHIStifc (H 1 8) o 
[0131] 

HI 5 li, 0.1 nB/cniP 1 5fc«**U »-^*«tt*C«ttftft««r*8 ft 
Jt*«2Tfflv^* v- K^R»*<b»fco HI 5l±, IH-OJMKMUiSttft* 

[0 13 2] 
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®\ 614, 0.1 ng/cn?P t5c»£:tU Lfr L E B - P V D K. X *5 AVttS 

* (0.001 nE/cn?) *i*?»fc«2*V-K»ttft*M»fc. 8 ^ 
*tL*La&Tflftft*ll*li« 131 5**8RfcJtttL*\ 131 6tl^t*o^ 

[0 13 3] 

HI 714. 0.1 ng/crfP t3C***U L E B - P V D \Z X «S0Affttffi 

* (0.01 ng/cirf) *f^|ltt«2*V-KOtfcft#'fe»fc. SIMMERS?** 
*ii*(4. HI 6 fcifcttLfc*frU«»Silfc. ft30~*>70 n 
nWltSM-C, -tt«JK»50 mHCff*Lfc. WEI*. * ^ ^ 

[0 13 4] 

01 8(1. »2 <0»*iH«O, L*»L3R*«rUP t*«*#fe*v>*S 
n^>t.§fco mffill, EB-P VDi: i*500AP t«i**^« 

Lfco $ 6 U «725 nm-^100 nm $ <b K#K#)30 nm~ 

*1j70 nntf>, — JK:a«J»C50 niiWiS€§i|@*#L3to LfrLZtfb, £<bK, teS^Wtfil 

40 nnfC*ofc. 3R3t C *S«i4K*S4: LT^?L14T-.ao 

[0 13 5] 

f- * Sift) 

iiffll ~5^"bcof'-^5rWTUSS-r-& : 
[0 13 6] 
[«1] 
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?&&J*3 (A) 


E*(psig) 


ftKBMEACllt 
& LTO. 6VT* 


i 


50 


0 


46 


1 


50 


15 


33 
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50 
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92 
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0 


113 


2 


5 


15 


95 


3 


50 


0 


28 


3 


50 


15 


13 



[0 13 7] 
[0 13 8] 

PR IMEA5510OSIS;"CWL Gbre & Assoc. i>hK^' 5 J^M.^^MWM ( 
e^±i:fi^F?^-^*-**Vo 0.4 n^P t/cn?£:3£«) fcffl^o *~ 

t/R u EB-PVDi:J:4lt*SS^. ~&K^SHL^WtO. 3 ngP t 
Ru/cn? (P t t R u OttSOfcBWt) T% *#fl?*»l±1.500A-e*-afc. 6 
£fc J: tf*^* ft250A : 0. 05 ng£ 

[0 13 9] 

«fltn3K«S*W«0XRD»«f<r. HI 9 HAT'* *->-7'-^" < - 

[0 14 0] 
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K^M>t-^XP S*'** hA"£, 12 0 I (P t 4 f 

) P S^^? h*£H2 1 KtfL ; ^LTJVf-'JA®^ ( 

Ru3d^) CH-r**5MMfcXPSX'«^Hl'*B2 2U*i-. 7 4K*>< 
Mvwfrflr (0 2 0) li, **«*o±**«*«'* , P tisitfRuT- 

fclELfc. L3J»L**»e>*«-»ttXP S*** hJKO»W (B2 1611F2 2) 
l±, P t iiXVR uK<o^< £ b^©#MoS4t-SLfc. Ptgli: 

■ LT«8ftfc«*****- (71. 7 eV) fc, tlK^t. 71.0-71.1 

(280.7 eV> ^RuKB-fiXlRKat^fc^iMtt (279.9-280 
.2eV> H*lt:->7b?*fc. f-*l±, Ru©m»«t-fLfc. 
[0 14 1 J 
HMW7 

sii(6«6 tra»wtt«t«in«su, i bad (<r*>e-AfiM&jK*) offiffl 

S-PHJE^P t RuEB-PVDKJ:43R»*:iftL^ s&fS=ffi^ It 
3R»-ftH¥«O**»*0. 1 ngP tRu/cn? (50% a/a) T, ^iSJPIiSOO 
Aficfco ^i^rt<7)10<75JiCD&*<75iP*l±50A-C, 3£*/Jll±0.01 ng^/cm 
tz a A r + e-A^rfflv^-C, Ar + M£2 keV % 40\*fc £ tf8 nAlf- A^Sii 

[0 14 2] 

iOWMMIWMfc-f * *✓ »f-i.WH«*«iC«t * X R Dfrtf @23 
[0 14 3] 

fiufco nti«i8~ i i-ei**><**y >^*JBV\ *i6Wl 2-1 4-e 
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[0144] 

mmms 

B-TEKfrfeELAT (jgg) (*tttt»&) *A#Lfco J**li 

ftl/2 mriCfeo/c. EL AT (B«) (IMM***!**) 

ml»M-fkPTFE->-h*, tt»#>rtr»^Tft<ia 4 tarrK»*Lfc*£ 

Mm + ti me L , - ft jWM*W-tt * «E+ * o C«A * o 

[0 14 5] 

d c t r * h o > * /i » # > v i mm& t its v> r * v ° > 
, 2-=><ott«t«»»R («*») *5W8*i«*6r/^nm>^» 

?-m:P tSIK) (J**0.127 nm ttfl£99.9%) * t V R u 0P*0. 12 

7 nm *t*99.9%) (C*tfe»±/lf.*fc»±a>odfellc»*>feX#iriM irhfc^tz 

[0 14 6] 

p t-Rutt***»tW*tfc:5oat^-%P tisitfRuofiWWTO.1, o 
.3 45^^0.6 ngP t Ru/cm (BP*, PtlBf/RuBf) . #I2fcl&#li 

X^^Kit^SfiKfflvfc. Pt/Rufiit (i) ELATIS© HS 

*«T*4) , fcitf (i i) *MPTFEMO-iCV<?>'JV/U 

WC«A/»"^, "7^^ fD>«a*H«*250-500 W 490-570 Vic 
T i tf450~900 nAA r + 7 7* **-C*ofcc tf*Mf*J*liv 0.1, 0.3 
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JSJltfoVngP t Ru/cn?««3E«UHLr-til-ril500. 1. 500fc X If 3. 000 A 

[0 14 7] 

EDAX&«f 

0.3ngPtRu/cn? (l, 500AAr*J?) tr****** i lf**l«t*>*r? -* 

2 5) 14, fl*H-*>5MMBl*3"CI4* P t iSXX/R u%|O^^P t /R u =53.7 
3%/46.27%^Jfc"eff«EU BP*>«WJt^H1-4ftl±lO%*S»-e*ofc. £ V*? 

[0 14 8] 

XRD&#f 

CuKfliBtffl^^SicnensiaWW-^J: ^ Xl&IUtff (XRD) ##r£^lfrL 
£ 0 IS 2 6 14, XRDX^* MV^-fo JttfcOfcfct::, P t Q@*f*!. (fee 
) (XS^fje JCPEB 04-0802) <> LfcKitR Lfco PtRu^^«S«« 
■ 14. P t f c c»jt^«F«WH«f^-^*^Lfco LfrLfttffe, Z1&«K» 
tf)[s]WJH4, JCPEEf"*- ^-^^OP t «0|ff|-i»i:HLti;V^Ii:y7 h L 
fc„ r^«Rfl-*Ci5tt*v7 H4, *£P tt^fcJtRLT-0.22firC**o 
IE»4, ^ItW^P t R u^ffft i:-tt*o ,r<7) 14, *E 

fc L"CE»S*L-6o IEJ B B a *Ru02 (j cpds21- 1172) ifcliRu (h 

c p) (JCPEE 6-663) **R9i1-*«*«»4ftfflS*tft*»o*: 0 
[0 14 9] 
XPSM 

Physical Bectronics <^ant um 2000^SE S C A53^ft£ffl^"C, XjRjftfB 
(XP S) «je«r*lfcL*: 0 0.3ngPtR u/cm (50% a / a Pt/Ru 
£»*»ifc) r*«tt*'<7*ft*«*>, 4fcIffc*><7*-fl:»Ji"fl:PTFE 
*DWft*5MfrLfco 3*#? h/f*^£$J7ELT, J&HtfcMELfc. H2 7 £ 
J: If 2 8 (4, *ii«t*->< * * -«^ttlW#*5 IVPT FEtfiJR^UHt 
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+ 4±»«JSJ*»* , P ttsS.VKuX-$>*). tL-Cfi^Z n £ £ 1/ C u 
■J-4£fc**EL*:. K£*tff«Lfc. P t/RuIfttli, P t 

4 f pSgiOlStS^-t'^^S^^ ( 

3o«^*-vH:HLTfflt) Pt/RuCi, ^^NbELATi 
g»C^i-4Pt4 f (ffiH) /Ru3p3 (Mm) =14.17/16.03 (BP*>0.88) 
ffcPTFE**»=H1-*l5.2SM4.00 (EP*>l-09) t«IJ*L 

(BE) <0.&mts ^^Hki^Pti3^Rui ! M» 
ff«U P t itzltR u &ffc®ro#ftrolE«H±fr*ofc£fc**L*:o Ptis-t 

r u m<r>m.*®&g.n& (P t ttRu i »J/h*v») o^ftu, 
nowtfiMHi******- u^t- pt-RuWtfllftt*. - oSS 

BE->7 hSriUifc^iBSix*. P t R u XX? 9 -<t*lK§81- 
SPt4 f7« »»liBE=71.7 eV**U *tt+USa**L45E*P t 

KHi-*BEIi, 71.1-71.2 eV (71.07 eM ( 2 II) . 71.2 eV (13«) , 71.0 
eVC*4o -*Ui. 0.5-0.6 VOfb*v 7 h «:*■*-. tO^WB E K*>»t* 
:w .> 7 Hi, X^' y ffcffi + WP t±5J:0 f Ru^W-&^t:*^lSi-*o Ru 
3 ds/2 (BE=280. 1 eV) KHLTH-fl-*f***Lfc^ (2 
79.94, 280.2 (7ft) , 280. 0£ J: tf280. 1 (211) e\0 *t«)->7 H4«B*ft 
ttfr^tz* P tJ5itfRu|Z8li!:ti:, BE=285.00 eVC«)«* (*JS) « 
®i&mLtZo m2 014, PtRu^<-^-ft^li:W«S^ 

M-*-4 200K«»cMi-* (3*** h/K*) **ve*-P t«« (P t 4 f«E 
») fiiW-toKiatt^^^ h*CHt*XPS^ Wvfc^-f. B 3 lis* 

-Hi-WRutW (Ru3dS5:&) 13 J: l«-«>Mlit*'<* h 
tSXPS^^^ f;v4-^fo 
[0 15 0] 

ME Af$g! : 

^t»^_ftP tRu/ELAT^ffiMMI4:^ -f V/n;V-)V 
(950 eW RH=-f£3*t4# ') -7-04.5% (Vw) S-g-ife-CfiaSL^o 
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§k*m^xmox:x-&mLt2 C *k«j&***** r>»- K*m*t ltwccte 
-sEUBcr (saisai) ^ n b>e*e* mmupm 950 ewt t;?- fr*) k 

§EL/:. ^mcCRE^S (0.3 ngP tcm J ^«) fc*V-KtU»v>fc. 
[0 l 5 1 ] 

ZMP t-Ru««B*IHf«W>«**fl l ^MEAtt«»lb««>fc*»#J»A 
fcfcK, P t K (**=0.1 ngPt/cn?) 

Lfc. iwmgtry - K#-««fet ltcer&selbct (£»*«) •/nhvfi* 

ttK (25,/m 950 EV* KiOttMfitiikKi^ iilfe«)#JHT ✓ - 
Kt«v>fcMEA <£ii&li4:tVT-IMWLrt:) tWLfc. «!»**!!?.*« 
(0.1 hbP t /en? I WL Gbre A/ssociates^^VU > 75510175^^-CA 

[0 15 2] 

ME : 

25 cii?wmeei4®ffi^*1--&MEA*, *V-K (*JJRl) *»=*»t*Jfctt# 

mif^'ry h»**fllv»T*Mi|-**ft2Q0 lb in/**;vh h »ro*»*T»fT, 

^^*tS.WaSfcJ:O f ^5eo5fci<>^Scribner and Aisoc. B^-ftfc 4rfl! OCBE 

L , *^fft« jK h ;wc «fc *) * n-fneor/eor -c r> - K* * if* v - 
K«ns*fc. 8oc**ft*-c'l#ttft*S«TU **i.-rft9o , c/75'C-c, 

*ti* f tl7;- K£«tlf# V- KKMLT30/30 psi %<O^M>* ? 9 EE"C, 7 J — 

vatir* v- Ktt»s*fc. **«>»*»=. 12/3. soft***'*-**)** 
**v»fc. MEA«ajE^P»*iJXtf*ii-t-C^4< t <> 1 B»U, 
Si-e#ffil4*fcf§fc. o.6 vbJ:£ffto.4 vfeiifoc vR-cmife*-^ >->-v>u* 

fcU J: <K MEAOtt»«»*JSL*»ffc. 50 iriftPf-CO**** 

*->v*****.. fc«^-**™£*ttS8**** (»*«ir>'eTa»=Jt 
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EA©#tt*fcfr&*Lfc. 5 ppnCO«fl-fraXL, £©7V-Ktt«&* 

ffl^T0.6 VC- « (4>fc< fc4lOB#H) , MEASr$5E**^o Stt<k 

Of£, 50 ppnCO/HjJJSfttSLXU MEAtRWl6Vr-««S*fc. * 

[0 15 3] 

IB 3 3* J: If 3 411, **L* , *LttHaiJJ:a t Hj/C07./- KftttK&ltftP 

*a*Jt) fc^l". 113 5331^3 6 14, **L-eiittH2£J:U f H2/C0 7V- 
KMi:Ht4P t R u^^^^—ftry- Kt*-r*MEAKH-r***lEi-* 
*ltt, H2 fcltf H2/CO&-S* (C 0«K5iJ i 1^50 ppni 1= 

*i6H2ry- KfTOftfSP t r uril^'<'^ *—ffc7V- KO^ffCBLt 

O^iC/iit^Lfc. 5 ppmCO/H2Ty- K«t&©#<ETT»±, 

*-flS7V- KH0.6 VC84%Offi2ia:**£i:, 50 ppmV^^-C-14, 
qjt«ll*t82%-C*o^: (i-^T*'*? ^ — -fkP t (*N8Q WSfc-ttlW (*l# 
HO o 

[0154] 

(H2<73^) ^#tt*&K*J«t*tt1fe*#*KX*i.TT>'- K0>»* 
«ttt«6UWttft-r**:»»=, »tt*ttH«?A*V< (A) (H5e 

HEE#F.?. ($Jxt4*0.6 V> T* (A) = (in -icon* ) / \ n t<£M2*iZ>) £ 
fflvM#4» wO^g^tT-li, l00%B«#t4«r*1-4Se (EP*>, i k # i core 

) i±, A-o t^t*o *u«tt-ffctt»ufev»T^»fl«jK#i4^fcsn, rs^te 

ihj £ix-2>mffi dP*.iajiE -0) 14, A#lSr£t:*= 
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r-ft±. ^7K*4"CO-^T/- KOttftCBiLT, P t 7,t%v9-KTJ 
- KI45 ppnCOU-^;l'-etti|W67%^<i*r, 50 ppml^ ^ C 0 -e88%&T £ I! 
-6**, iitUJtLT«**ttl&» P t R u^<^-' ftry- KI45 ppnCOTM 
9%£lt> 50 ppnCOT*82% iV'Tit^Sti. 
[0 15 5] 

5 ppiiCO***$**«»*tt3*»-*:»*» a654fcl±**UlT, 3fc»-»4 
L < l±0. 504 14 * ti JttT, S 6 K» JL < l±0. 25 4 14 * tt&T : X V/ 4 
£14 

50 Pi mCO*#$**ft»*ttS*-fc*'fr» 0.85 4 fell -tnttT, StCffi 
L < I40. 604 fctt-ttUaT, »gtifc7i * - * - L#*» 
[0 156] 

KM-tzmmmm t *www* eta * *.-c v»* . *»wom e a i±, 

co/**ft»tS»t*k. o.6 vc-^4< fcfc : 

5 ppnCOttt^JMHM&fclfcSilfc*^ 350 mVcn?0, »JL< 14450 irtV 
cnfW, $ 5>K#4 L< (44>fc< fc 4500 niVcirfO ; &XXf/ttz\t 

50 ppnCO*r#T***»*tt**»-fc»*» 150mycn?C9, #4 L < 14175 nA 
/cn?C £ IbKfcf 4 L < 14200 mYcn?, <0 £ *ttt U# -5> o 

[0 15 7] 

ns&fli 9 

ELAT^JtWHWlW rallfrftPTFEv- Ft*ftfclt*ft 
, J£tfc--K>7'^fflv»r^<10- 4 torrK#W\.L£|E£/hS (KSl.Sm, S?2 m 
) rpKXtttZo 6" x 6" **JttWMMMK*r4jft*)i'y-R»3>'<+"»=« 

ft*/-? f >7im^X, PttiXVA* (Sn) fc-g-on&fs^ffif&ii^** 
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[015 8] 

t^/: e SMO^aB^tlTU^i* : P t IS (50 nrnx 50 rnn 127 inn ft 

Jg99.9% (A fa) ) iSitfSnSa (J»*0. 1 nm ^FD-^, i&*99.998% 
) o 

[0 15 9] 
[0 16 0] 

#fc*P t/S nK?-Jtfc#i-&3o*>*4*P t S ntt&&j£«J*. -ti 
tt^^* ho>^7 * 'J >/^ffl^TMU: : 40. 20^«ttfl5%S n £^1" 
*P t«*. &0.3 rnjP t S n /cn? O^ic J: £j£ Lfc 0 #S!M&ttJ2£BI 
iE = 8 x 10- 4 torri5J:O f ^^JS=l-10A/ / &^$>o^o #?*«iPIte* 7 4 
K*i-^<-C«!)*lT^fflv^o P t £i:tfS n *-fl:U ELATSi<7) 

>m^JfEHii250-500 W 490-570 Mic^M 7**5 £ tf450- 900 nAA r + "7^ 7 
[0161] 
EDAXM 

»aj*UJ:l«»atftSLfc. H3 7, 3 8 is J: 1/3 9 14, ^ti-PtiBtMfi*) S 
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n :40%, 20%33.fcy r 15%S n («*■%) \Z®t*>0.1 hb5E*P t S n3g»Wi 
***-5HM4X«l (ED AX) *H l-****. 3fe*li, (fl-ftftW&grt 
•C) i*iib2^f^ (PtfiitTSn) U fLtfWSSli, 40 

, 2033 X 1/15% S nSttffcSWtKttLTP t / S n =6296/38%. 78%/22% 
35 £ y f 84%/16%Oififtl.JtT-ff^E Lfco 
[0 16 21 

H4 0> 4 1 33J:U r 4 2 li, -?"ix-?-*3T.40, 2033 i ^15% S n SflMUK^JtSffi 
K»-r*X«ia«f (XRD) #fet^i"c f^7> h^A^tfli. -r^r 
<0*|-g-tl, tamttf (*E) P t f c c@WWv7 )- 74*1131? £ ft 

[0 16 3] 

»f, 40%&j£ftjWslWe-*fc#L*:**, Cinii, P t S nfeil/P t S n 3 *§ 
«#fc*jj*L»4. «*.tf20%*tt, SnPta, S n 33 1 VP t S n Odifcl] 
*Hff*«>:fftt*jj*L.fc. 15%Sn*l±, SnP tsJJitfS nfifl?Stf«t 
<5 tU^fy-? ? — > L fco 
[0 16 4] 
«t&« 1 0 

EL AT*-^tetfc^#33«tJ/6 ralSMkPTFEv- h 
, ^£tk*•V•7'^fflV^■r^<10•' , torrtC^LfcX^'J^ (llSl. 5 m. ^?2 m 
) fCXftfc. 6" x 6" *r*J£1RflMMS«*4 ^*A'i r -R»3>^-»-« 

[0 16 5] 

SWWBSBfcJaTKgr* : P tla (50 irrnx 50 rnn ? 
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*0. 127 iim &K99. 95% (A fa) ) £ t IfC r * l ) > (50. 8 nmx 

31.8 nm &g99.98%) o 
[0 16 6] 

ft0.3 ngP t C r/cn?<0£fc?E«T-25lI?-%C r **1-*fig*P§* Lfeo 
*ffl«*< ! t : li^E = 8 x 10" torrfe J:U r ^*iiK=l~10A/S'-e*c^o # 
7X«iBtt^9W Kti-^TOWrUfflv**:. P tfcitfC r *-ftL 
„ ELATSSroiSm ftfelfK»M-ftPTFE«-«K*»**fc. 

-500 W 490-570 VHcA-f T * 33 i ^450-900 nAA r*7 7 7*^t-*o/;, 
[0 16 7] 

EDAX&ff 

—&m^^^y 9 'J V^Ui "jPliSL^P t C rllfttf^M LT, HSIfe 
©«J«4lJ:tf»a**3feLfc, 14 3 14, B>tM<0 («6Mfc) 25% C r («^%) 
O0.3 ng*«P t C r«f«EDAX^^ **«±, (^ftt^iS 

Kft-e) itcittib 2off)i? (Pti-JiifCr) a*#£U ^ur^roxfii 

, P t /C r =74%/26%tS4t4 - t t^L/:. 
[0 1 6 8] 
XRDM 

12 4 4 14, X/^^-ftttftOXRD^i'h*^. @*f 9 - > T- 9 

^-*iOTjS-g-$4#r«4, #<frfcftP t«KJn*."C, p tsC rffl<o#4t-tL, 

fee 

[0 16 9] 

*tfc« l i 

ELAT #*iSMtt*i «t t*> ni 1 SWtfcP TFEv-K^il 4*S*^-* 
, t£tfc*">^tfflv^-r^<10- 4 tarrUSMtLfc*£'hS (ISl-5 n 
) -PtcAilfeo 6" x6" ^jt«t*#«St 4 ^**/-RB3 - C« 
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[0 17 0} 

oTW-o SMWSBfflfc&TUSr*- : P t*a (50 nmx 50 im H*0. 127 ma 
$"6ffi99.9% (/J fa) ) fcit/Mora (150 itm x 300 mn W-&-0. 1 ma *feS99. 95 

[0 17 1] 

&0.3 rojP tMo/crf«>&lls3t«-W5«^-%Mot*-r*«««rP*l'*:. 
*S6^#li*^ff = 8 x 10-" torrJ3J:y r ^«jSJt=l-10A/&-e*o^ 0 ** 

vi-t^xom^m^tzc *cptnitfMot, el at 

fttJK-ft^e^TV'SPBti. »«^-SIie*rfflv»fco ^^Sfft»a«fi^#^«!l 

t Lfco h n >m*KHI±250- 500 W 490-570 Nflc^ T 4 ^450 

-900 nAAr*77 '^^t*o/: 0 
[0 17 2] 

EDAX^ff 

J:rmjS*«3feLfc. HJ4 5i±. SlW 25%M o <^0. 3 ng 

<it>2oc0^ ( P t £ 4 tfM o ) #»fti-&3ES5E*-e*'3> *LT-t«)5c* 
14, P t/Mo=74%/26%"C#<Ei-*it4-^L^o 
[0 17 3] 
XRDM 

114 614, ^—ftRfl-roXRD^"*^ h^**-*". @*r'^->f-^ 



(61) 



^2 0 0 3 - 5 0 2 8 2 9 



[0 17 4] 

mmm\ 2-1 4 1±, s*eb-p vD^ffl^tmif Lfdii*?:* 

[0 17 5] 

ELATWSM^J:^ nilSWtPTFEv- fOJ: ^4tSSff t 
) rWcAftfco 6" x 6" ^fitlMfi^ 4,S*;^-Ri3 

, wf-v-^-mmmm (eb-pvd) *m^tz 0 

[0 17 6] 

3R«Sfi. ^Pt4feliRu3^> (^S99.95%) SriSA L£ 2 o<02" x 
ft*-ATWl^o(? (PtifcliRu) OR««rTfTtt^ U Lfc#oT* 

o *iK)3-f *bsje=5 x io- 5 torT&xxm&m&=\~-o.\ 

A/»"C*ofco P t RuiOIililM^ 20 (P t *5J:tfRu) <D& 
KJR*«oa*E B - P V D */Hv*TWELfco «*W**Ox*^!?raifcrt*« 

[0 17 7] 

SMffcSOlg^R t R u fc^L (SP*>, Pt lEf/Rug?) , 0.3*5^1^0 
. 1 ngP t Ru/cn?Ofi**««:*i-**««r, S*EB-PVDtfflv»tM 
L£o *&*£tt4>li« v*<o**>»tTI±, <f 

ttiftKS (I BAD) ^atHtfLT, if^H-^^^lil/:o 
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KHLT;SMB»*ftli»«EE=8 x 10" torrfc £ 1/1^,18= 1 ~ 10 A /©•"C- 
#7^iSiBiS^7 W KSr-r^TOH^TUfflv^-. p t i5 J: VR u £g£ 
JK»S*, ELATMO R£1£J «K «r <b W:IMtP T F E%K<D-«±IC 

& i tiSEi" i> <r> iz '&±L o o 
[0 17 8] 
HtfeM 1 2 

E L A T ;tf:*J£flfc«Mt£ -t iTSM-ft P T F ElSf^KS* P t R u E B - 
PVDSrSSL/Co mffiOB»rSft^5E*«±, 0.3 ngP t Ru/cn?-C\ LfcfoTl 

500A (gP t^ffi*3&J¥&7S0A*sJ:imR u 3Wr35bJP£i750 A ) w^ffi®* 

*JP*»*Lfc. *S£^-<7>*ife!S«T-Ji, &*250A «j!*«/«0.05 ng& 
*/cn?) Ol« (P t -Ru-P t-Rul) 3R»Ii«:3R*S*r, mHHiiS 

mtBf&Ltzo «»*ifii«*^¥F-c*ei,fc»-fr, iA/»oa«-e#«s:3R* 

10 17 9] 

XRDM 

114 7I±, aiflillll^XRD^^? h)\s*m-f„ ®18x'*9->7 r -9'< 
-Atom&frffiti* ftG&KP t HXZ/R u*§0#£fc-gtLJtc 
10 18 0] 

XP 

0.3 ngP t R u /cm (50% a /a P t /R u £:&8lfi<)Jfc) iS-X (250A/1) 
ELAT;!f^lfi:1R*Mt:««ft«*<0«»«:, XP Stfflv>T»«f U. WEfcR) 
3-X*;' b/SftB-S-ffiflJcLT, = - f- -r > ^O^—ftS 1 Zf&lSL i2M L 
fc„ 04 8<±, 250A^H*ffiSUM-t4XP S7-f K**+ 

Lfc it tS£Sft#&o *»W*8MW±.«>*iHP t/ 
R uK^-Jtli, P t 4 f fcitfR u 3 p 3|E»«fi«0>Jt«:Jl'<A£iK.l: ■)« 
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, P t 4 f /Ru3p3 =40.23/0.893 (IP*>45) fcliJ3T*L 

*ofc 0 ^S^50%a/al (ttlittl) i^)lfc«>«** 
li, XPS^SffifSSttftft"C**^t*#«^A*LT. S*3R«« (»250A 
/«) ^iH-e+^:l^$^^o/::t«:^l/:o XPSSfl^JtPt/R 

u=45/ni, %<o?k%, m&m&m (ip*>, po <D*ffiaja*: tfc 

[0181] 

*>fcflIv*-C, P t XXlfR u5c*Ott-fri*>W*- (BE) 12: 
BO##r£llfr Ltzo P t RuHiEB-PVDffli:BtS P t 4 f 7/2 &»f± 
BE =71. 7 eVfc^U tc^ffi $ tL^>7C^ P t UH1-*BEJ±, 71. 

0-71. 1 eV?$>*K Lfe^Tft0.6 W)ft^">7 h SrSto Pt**x*^ 
-Ov7K±, P t &±lfR u5c5RPfl^^^tfc-ai-4o 
[0 18 2] 

XRD (m;v*) £J:t/XPS (SffiffiStt) f-^li. SIPt/Ru^ 
« 0 * *-fr^bP t is J: R u « tr-frtrVCakKS t-SL tz Q 
[0 18 3] 

Ru 3 ds/2 |E»^BLT**fcLfcW-»Wli, BE=280.8 eW)»*i*)P 
^F-fclJ^U L/w^oT^S^-r-^A^M-r^TFifflXKIi (279. 9-280. 0 e 

u (EP*>Ru°) t— tLftv^ R u O2 t&X <W.X^2>Zhi7F-to P t *3 
Xl/R u1m&l±t fclC BE =285. 00 eVCDJttX (#fiB) IE» (Cls) £#fl?. 

[0184] 

i4 9ti, pt«« (p 1 4 i$m) i:mnxps^^ h^aitfauMK 

fEB-P VDmffiKK1-**Ol£[lig*^ h^i^to d 5 0 t±, R u«« 
(Ru3 dgg) ■KH-i-fcXPS*'** YfrZmto 

[0 18 5] 
^MW 1 3 
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E L A TiT *ifi.1iSlMi$-& i IfMfcitP T FElSS-fl:, S*P t Ru EB 
-P VDia "5f3SSL£<, «S<03fS*«-^lS«i. 0.1 ngPtRu/cn? (50% 
a/a) T, LfctfoTSOOA (»P t «fii*raW»250AiJ ± 0«R u ^ffl*& 
H^250A) t^JSLfco *5£WOCl0>**!Bt»TJi, (P 

t-Ru-Pt-Ruf) r>f^J (#tfl0S» 0. 01 ng^m/cn? (T>^% 

[0 18 6] 

XRD»f 

BD5 Hi, *«tt3«»K8- (50A/ST?) OXRD*-"^ hJHrSi". 

Mutsii, 25oA^^^»Sag« mmmi 2) t)ft.iiatoj; *>« 
mzm&.imi-o #*4ftRuuwiii-*ii»4i«>*fr«i*4 9«»"p*<^ p 

tfcc (ffiSC^+'Mfc) E*f«±->7 f LfcJ:-?Ujt,x., Lfca f oT#£fl:*^ 

stiitw*. s<=>^ pt <#**ffc> **[■*? 

„ XRDM ^#tt-ffctt) li-f-W**, #**ftP t4»J:lfRu*C#^ 
, -g-^tP t R ui@W#Si:-§ci--2>o 
[0 18 7] 
XPSM 

0.1 ngP t R u /cm (50% a / a P t /R u&IMMSJt) S^P t RuEB- 
PVD (50 A/*) ELAT#*i£*«MHIl«MfcW««>«**, XPS*fflv>T 
ML/:. 2^.f-; h/Rfi-tiMrfLfco -9— ^**t*1f Lt, ^*W*B 
ftjfttrft&Lfc. IH 5 2 *i. 50A***«*SUHi-4* — Wittt^t. X 
PS (ESCA) jfe*Ci, «fettNPlO±»IIAtt£-4 r P tiJiCFRu-CAiJ, 

fc. H5Kt|H)«i:, JR»««tt*«Jt«)*ffiP t -R uJK?Jt(*. P t 4 f is J: 
y'R u 3 p 3 g^«ISOit^l<4 ^ 1 1: J: Ltf** ! < (2° 
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<7>mmnx#? ncsi-cwt) pt/Ruii, pt4f (®s)/ru3 

p3 (ffiffi) = 29. 6± 1.8/2. 7 ±0.3, IP*> 1 1. 0± 1. 8T*$> * 0 *S**MHlfW50A 

ts (sosp t/RuJtii^45;^jfe^i 2) vmhttz i><Otft 

mv>m£^*)l>*f- (BE) &fiO##f£, iS^tg^^^V^ffl^T^L/c 

0 * m&it? t O-fr^fflT, P t HKH-^>#.BS^-<^ h*** 

§L/: 0 115 3 1*. P t«J* (P t 4 f«) CW^XPSX^^ Mv&J:tf 
^^ISIfE B- P VDm&^T£-?2> J t<VM®tkX'<? YJlstTfiLtZo ms 4 

[0 18 8] 

iOiiaEB-PVD«SJttlifliat^H-f&P t 4 f 7/2 ^»ii:BE=70.0±0 
.1 eV (285.0 eVOC (is) * «r#flB LT20(OpJ^ii^ I F^ t U 

ti, 71.0±0.0 eveio/: (SMfctt? * ;i/ ^ U^;v«r#SB) • ig<&.x*;i/^- K 

[0 18 9] 

Ru3d5/ 2 »«&K|»LT\ W-$fr*ffc3ll6U CltUiB E =281. 0±0. 1 eW> 

[0 19 0] 
ME AHSl 

0. 1 ngOPtR u/cn?EB-P VDdtiftEL A T ^ffiffic«t*«S*ife-f 
, ^vyo/V-^(t 1 07l/U> (950 E\# »^-e*tt^ , J"^-^4.5% (v/w 

LT^CCR&SEUBCT (9ftffiff) »^e*tt* (mi¥25^m 950 EW l^EU: 
o «**#H5«ffi (0.3 ngP tcm 2 X«) £ * V - K t LXM^tz (PRIMEA5510, 
WL Gbre &A>soci at es <b A^nJtfc) o 
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[0191] 

MEA^ : 

25 cirfO«flH§ttffi«*r*-J-*MEA«:, *V-K WAR) IIBKfcltaSfctM* 

h»R£E^T##A*ft200 lb in/^h h )V9 Ko**T»f X. 
>XlZftmm%5&£lf&fc<Dtzib\ZScribneT and Assoc. WT^* V*T. CUBE 

[0 19 2] 

r/60t:TTy- His J: if* v- Kftjfns-frfco zi^fffiffiftftJisotKSfeiBJST 

, ^tL-^tL85/75t:T% fn^T^- KiS-fctf* V- KHMLT30/30 psigO 
ffirfe^^^ £\£E"£\ T-/- KiJjllf* V- KfifDS-tffco mjjV>m&lZ, l. 2/3.5 
<7Mfc^»8&^-*^fi£fflW,:o ME A^MiEttSPIpai5 i^Stnir-^* 
< ti> 1 Hit:, 56HMfc«T»«ttlB«r»^o 0.6 v&XXf&o.* vfc^OCV 

n tra^r > -> * ^ * « a s c: t k .* *k mea o«.«h© * js usiffc 

[0 19 3] 

2aSOCO/H 2 fa^ft : 5 pprnfeJit/SO P pirifefflv^T?fi5ia/ERK*fl ; 't fc , 
tt*&U^^t*MEAO«|#ttjb«:a^L^o 5 ppnC O flfcfl- * i£A U :w 

ffi»*»fco 50 ppnCO/H2«fefl-«ri£XL, M E A 4rStf0. 6 VC-* 

ftW«Hj £ «t ^Sa«feM:^t*S^P t R u E B - P V DNMIT J - 
KUBD-r-6»attttt^1- 0 *2Ji, HaSltfHa/COS^* (COiftK5fc 
<ttf50 ppn) tcfe»t*0.6 VCO«ffi3fftt LTSSilfcttffi«:5fe-r4o Pt 
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Wvt-HtTJ- K (0.1 ng/cn?) OftiBli* #Sfc LT*S *l*o 
[0194] 

5 ppnCO/HaTy- K«»0#ftT-Cli, P t RuEB — PVDT 
y-K*>*ffMU 0.6 VT?81%<om*ac»«:&i:. 50 ppmU^^"ei±. ttgliftl 

[0 19 5] 

*'J-> (H2O*) RJS#ft»^l3ttatt»*#ll»-Ait'Cr K*>»* 
[0 19 6] 

7*-$rji % PtRuEB-PVD7;- Kri ? 5 ppmCOT-21%^flt> 50 pprrC 
, ^y<7^-<fcZ:&JKKffiMaz:iaLTa!l^$*L/-feC0 (5*3*^50 ppmC OK 
-ffc7V-Kli, 5 ppiriC O U^;VT*67%®T. 50 ppnC O W<^"C88%fiT<r 

[0 19 7] 

Xttfl) 1 4 

E L A T JttttflM** «t tf*)Mfc P T F E Sffi^T- «r , W-Mm £ 1££ 
t^^^^-fSt LT I BAD^ffl^T, t R u EB-PVDK-fcO 

HRLfco «ffiOBra*»*»<±. 0.1 ngPtRu/cn? (50% a / a ) t\ t 
fc#o-C500A (ttP t*«*»*ft250A^J:tf*Ru**B<^I»«i250A) ^> 
Lfc. **W^)-0|t*ffl»-C«i. (P t-Ru-P t 
-Rul) (^ItlOBo 0.01 ng&«/cn?O^*/JB-CO50AO5JiO 
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[0 19 8] 

XRD53*#r 

B5 7I4. &m#) (50A/ST-) EB-P VD/I B A D W«R»*> X R D * 
Mu*Si"o h;H£^t*. 250A^S§^PVD (SJfifflll 2) i:^ 

KJ: S»<b*i&fcO Hi *L*fc4> (HJfitfll 1 3 ) t^Sffil*:* 

"To iteftftR u HBJti-*«l±*4 ^SS-e* < > Ptf c cH«rl±->7 h L 
«afc«l 3J:9*S<) , itLli^^fck-ftLfco $tt:> P 
t (#-fr*fl:) «*=*tiSi-*JPIBI«rt*6*t&. WfJ^XRDM 
^Wttftttisfe) l±*0»«\ #**fcP tfc-fctfRuSfcfl^ ^MPtRu 

[0 19 9] 

XPS&tf 

0. IngP t Ru/cm (50% a /a P t/Ru&f*^MJt) JfcfcP t R u EB~ 
PVD (50A/«) ELAT^Stlfc^te^kmffi^^*:. XPS^I^T 
ftffiLtZo 2A*'v h/Rfl-*#*fLfco i5 8l±> 50 A 

XPSSfli, *Sll«t»^±R«l*flt»* f P t fc-tt/R 

ftSSAkflMI±OSB P t - R u nmtli, Pt4 fi3J:t/Ru3p3 

HLTffift) Pt/Ruli, Pt4f /Ru3p3 =34. 7± 

0. 4/3. 6±0. K BP*>9.6±0.4«)Jfc-e**o TSv^J 50A*§ (SO^P t/RuJtt* 

[0 2 0 0] 
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D«*tt«M*iftKH1-*P t 4 f 7/a &ti)l±BE=72.0±0.0 eV (285.0 eW)C 
(Is) e^^^^-«r#S5L-C2O0ai5c{gW 3 PJ*Jt t-C»f,*i/:fil) 
•&«ttpL/-o My*-' ftP t« (JtBMMl) UH1-«iM5feSftfc*ffiBEIi, 
7l.0±0.0eVC*ofc (fr*!^*** . U*«* 

[0 2 0 1 ] 

Ru3d« WtKHL-C, m-fl-ff**JSU £*U±B E =280. 8±0. 0 eW> 
[0 2 0 2] 

BS 9lt, P t«* (P t 4 f IS?) UHgi-^XP*^ hA>ii J: 

\ZM-f ZRum& (Ru 3 d«ft) CUtSXPS^ MV*^-fo 
[0 2 0 3] 
53-1114116 
ME 

0. 1 ng<0P tRu/erfEB-PVDlWMfcELATWtMMWW**^ 

K**ffit LTOOORE- SELECT (SfftffiflQ ^ D >" >Wt&*> (^)P25^m 950 
EW i:SELt. £ig#S?.m« (0.3 tig P tern 2 **) t*v-FtLTfflv>fc 

o 

[0 2 0 4] 

MEA^ : 

25 cn?0*««ttlH«t*1-**tt»MEAS:, «EKJfc«UlE«UfcWfctt 

9KttLfc. U6 lSitfe 214, **l**t*HailJ:lWH**»fc"1"* £ 
t RuEB-PVD«IMfcTy-KCB"f-**«tti»**i"» *3li> 

tfHi/co«** (coiftgEsfc.fctfso PP n} uiJit*o.6 veomsiE 

«BCkU-C«S*ifctt«*R«-r*. Pt^<7>'-ft7^-K (0.1 ns/cii?) 
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[0 2 0 5] 

JWSry- K«»M»t*i«P tRuEB-PVD/IBADB! 

5 ppnC0/H2Ty-K«»O#*T-Cli, 
0.6 VC44%om»a:***i:, 50 ppml'^A'Trli, at««ifi84%-C*-3/c (-r 

^-c*^ *-lfcP t (JtRB) mtetttti) o 

[0 2 0 6] 

fSiM27A *V<7 * - * - fc HI 3 \Z7F £ iitv^o 
■7*- * li, P t R u EB-PVD/I BAD7> - K**5 ppnC 50 pp 

o dfLfcO^A^ftii. -tfL-Wtf & «t^50 ppiriC@S$*lfc*£*^ *6*><? 

67%£<fctf88%) o 
[0 2 0 7] 

* 

[0 2 0 8] 
1*2] 
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£1 



MEA 

u-v 


0fc) 


OCV 
CV) 


H^&IC 
felt* 
0. 6V"C(D 

(COfc L) 
(mA/cm 2 ) 


H 2 /5ppm 

felt* 
0. 6VT?© 

(mA/cm*) 


A* 

(5ppm) 


H 2 /50ppm 

felt* 
0. 6VTrtf> 

(mA/cm 2 ) 


(SOppm) 


Pt 

(ref. ) 7 


80 


0. 945 


822 


272 


0. 67 


101 


0. 88 




60 


0. 920 


525 










PtRu 


80 


0. 940 


990 


500 


0. 49 


183 


0. 82 




60 


0.900 


622 











[0 2 0 9] 
[*3] 



£2 



MEA 

7/-V 


(X) 


OCV 
(V) 


H 2 

felt* 

0. 6VC'fl> 

(COfc L) 
(mA/cm 2 ) 


H 2 /5ppm 
CO^teCl 
felt* 
0. 6V-C0> 

(mA/cm 2 ) 


A* 7M 
(5ppm) 


H 2 /50ppm 

C0«*&l= 

felt* 

0. 6VT?0> 

H3fu 

(mA/cm 2 ) 


A* 7 M 
(50ppm) 


Pt 

(ref. ) 


80 


0. 945 


822 


272 


0. 67 


101 


0. 88 




60 


0. 920 


525 










PtRu 


80 


0. 922 


625 


492 


0. 21 


255 


0. 59 




60 


0. 890 


426 











[0 2 10] 
[«4] 
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$3 



MEA 
7/-K 


5.5E 

- 


OCV 
(V) 


feltS 
0. 6VC© 
Stzft 
<C0£ L) 
OnA/cm 2 ) 


H z /5ppm 

felt -6 
0.6VT?(D 

(mA/cm 2 ) 


(5ppm) 


H, /50ppm 

felts 

0. 6Vt?CD 
(mA/cm 2 ) 


W | 
(50ppm) 


Pt 

(ref.) j 


80 


0. 945 


822 


272 


0. 67 


101 


0. 88 




60 


0. 920 


525 










PtRu 


80 


0. 940 


1060 


391 


0. 63 


186 


0. 82 




60 


0. 903 


680 











[0211] 

JrtiimmftX'tt < i>&\,*im*$nfzjEte%J&mz*%W£mfc?2>i>V>-T:i> 

•So 

[HI] 

2 o c^m^e^am^K izmtti, 2 o o^®^ * * ^ * > earn m 

* *#S<8 «M E A OBrBH-C-* i> „ 
[02] 

[H3] 

<» m m m i± , mm± k. a mmm s n tz mmm k. % &m z m-r<, 

[14] 
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(soswi) ^mffi-mff (i-v) 

[06] 

»HRhE^-JtLrlfc«Lfcz«3Be*V-K«:*i-&MEA (XMlfll) «SU« 
I -v##r£^i- 0 

[17] 

^SBNEAli»LTJt«L^2fc|E* V- K ^MEA (^Sfeffll 1 ) OjES. 
-ft I -vjHr*r^-r«> 
[08] 

»HBNCA*c*tLTJt«U^:zfi|E* V- K*:#-r4MEAilJ:Wz^E 
7y-K**t4MEA (3Bfc«l) OB^I-VJWSto 
[0 9] 

»H^c»LrJkttLfc2o^*443lE*rOz43E* V- K*#t*ME 
A (*Jft«2) O^^^-To 
[0 10] 

»SHNEA»-*tLTlbttLfc z&)E#V- YttlT *ME A (^Jfifll 2 ) <D I - 
[011] 

ttm&tzn LTJkttLfe Z&JE* V- Kfc*t4ME A (HJSflfl 2 ) OIEfL 

ft i -v»«-c**« 

[0 12] 
[0 13] 

>*ffl.h£A*c*tLTlk«Lfe z£jE# V- K^*t^ME A (*}SW3) O I - 
[0 14] 
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[HI 5] 

^m.+mwcm (fe-sem) »*r-c** 0 

[016] 

Xlf z £jf£^if£<7)5 > if 7s hu — A (0.001 ngPt/cn?) 
[017] 

j&gJiS.tC/ zfy%V%i$L<r>5>0*>7* h n-A (0.01 ngPt/cn?) ^E^M^ 
[HI 8] 

z^j@£^it^500^>^^ Fn-A (0. 1 ngP t/ciri) ^FE-SEM* 

[119] 

XRDMT-*^o 
[112 0] 

K»t«»t4fc6K:I*EB-P VD£/Bv>£*#£^<af*3H- (Hi£#J6) <D 
7^K^^rt>XP S j^W-Cftio 
[12 1] 

RfttH»t4fc*Ul*EB-P VD=£:ffl^/:$^Kfi (**fc«6) <9 

*»»t6xps*« 

[122] 

R»*»Ki-*fc#US*fcEB-P VD«:fflv^*^^ (31*609 6) O 
[02 3] 

fmtmSi-i- h tzt> iZ I B A D (omm ^^MEB-PV D *rfflv*fc*«« 
OK» (j«fc«7) OXRD»fft*4. 
[0 2 4] 
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[12 5] 

DAXMti-6o 
[126] 

RfttMlt4fc*!>i:^^f ^ 'J >^iffl^fc*SWOlt« (*Sfc«8) OX 
[112 7] 

t^4riS«W-&fcfcK*'<y * >J > ^£JBv>fc:fc§&WoR» (HSfeffl 8 ) 07 
[ID 2 8] 

^^iSt^/^t^^^^^^ffl^W^^ (*Sfc«l8) 0 7 
[12 9] 

[13 0] 

w&*mm.-tz>tz£>\zAJ*v 9 y >rzmy<*tt§iw<om* gmms) ox 

[13 1} 

KftfcWMI-sfcfcK*'*? * 'J >^*JB^fc;«&wot*» (Htt*0 8) ox 
P s frVf (^f->)ATO -e** 0 

[13 2] 

S»^S8t*/:fei:^^'> * y >^tffl^fc*5IW(0Rfi (HJ£fliJ8) OX 
PS9tr (;vt-*a««) -c*>* 0 
[13 3] 

[13 4] 
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**H?.©fc ft <o e * a-^-r * 8 iciem l reiser * > r >j 

- ic mi- & #ffi1£it£ * ^i- 0 

[03 51 
[133 6] 
[13 7] 
[13 8] 
[113 9] 

X^v 9 ') >?iz£ lomgiZtitt&Wvi&n (*JS0!)9) ICKI1-*EDAX 
[040] 

*;n--/j"J >^ICJ: i9P§lf$^/w^^coMf4 (^te0D9) KM* * X R 
[04 1] 

i"; "j«ms*Lfc*»w«>tW (**«9) x r d# 

[04 2] 

><nz£ *)mS&$tit:*&m<Ozffl (HJ&WI9) i:«t4XRD» 
[04 3] 

J'JV^KJ: i)W«S*ifc:*:»W«Kfi- 1 0 ) i:Bt*EDA 

X«-*fT-** 0 
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[0 4 4.] " 

> 'J J: D MSftfc**W^Rft 1 0) KBB1-*XRD 

[04 5] 

[04 6] 

[04 7] 

j^EB-P VD^J: »)P8Snfc*»^Rfi 1 2 ) mH-r&XR 

[04 8] 

SEB-P VDt:i ">P«S*tfc*»W^KW «»J1 2) »cB-r&7-f . 
F^^rt>XPSM"e**o 
[04 9] 

S^EB-P VDi: J: 5MSftfc**W^ (*tt«12) UHt&XP 
[0 5 0] 

a*EB-PVD*cJ:0W*8*ifc*»W«l*W 1 2 ) i:|«t4XP 

[0 5 1] 

IWB-PVDti i?miS*tfc*»W«>K» 3) tUtiXR 

[0 5 2] 

iS^EB-P VDK J: OHJiSti^ffeWOKft (^J£#J 1 3) lcHi"*7>f 
K^^rt>XP S#W"C**o 
[05 3] 

JS^EB-PVD^i: *)M9i2tLtt%W<DWft 1 3) OXPS&ff 
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[115 4] 

SS-&EB-P VDKJ: *)&2i$tltz*%W<0&ft 3) <OXPS&«f 

(;l,-fji^A^&) -e*-5> 0 
[115 5] 

«tft**1-. 
[056] 

[1357] 
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